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FOREWORD
This BusinessPractices(BP) Manualis the productofa theIndustrialBasePilot (IBP) Military

Productsfrom CommercialLines (MPCL) contractawardedby theAir ForceResearch
LaboratoryManufacturingTechnologyDivision, atWright-PattersonAFB, Ohio. Theobjective

of themanualis to enablethedevelopmentandmanufactureof military productsusing
commercialsources.

TheBusinessPracticesManualwasdevelopedby an IntegratedSupportTeam(1ST)comprised
ofrepresentativesfrom defensecustomersandavionicscontractorsaswell asfrom commercial
suppliersandfrom nationalassociations.Although developedspecificallyfor electronics,these
requirementsshouldalsobe useablefor anyairframesandengines.

This documentshouldbe usedin conjunctionwith the IBP Model Contractto provideanew

paradigmfor Governmentprocurementof military products.

This documentis implementedin thespirit ofcontinuousimprovement,to provide for facility-
wide commonprocesseswhile eliminatingredundantrequirements,andprovidingawinning

approachfor Government,military contractorsandcommercialsuppliers. TheBusiness
PracticesManualenablesa win for Governmentby developingsystemsfaster,cheaperandwith
betterperformanceandquality. Themanualalsosupportsawin for military contractorsby
providinga new,high quality, low costsourcesfor military products. Finally, thehandbook
enablesawin for suppliersby allowingcommercialsuppliersaccessto military markets.
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INTRODUCTION

TheBusinessPractices(BP) Manualis amechanismto enableabusinessrelationshipbetweena
military contractorandacommercialvendor.This documentservesto replacemilitary standards

andmilitary specificationswith requirementsbasedon commercialstandards(ISO 9001, QS-
9000,etc.)The requirementsin this manualdefinethestandardsfor acceptablesupplier
practices.

Theintent oftheBP Manualis to providethe Governmentor military contractorwith sufficient
informationandguidanceto tailor requirementsthataremutuallyacceptableto themselvesand
commercialsuppliers. Developingmutually acceptablerequirementsis vital in theprocurement
ofa military productfrom acommercialsupplier.With theeliminationofmilitary standardsand

theexistenceofa widevarietyofnationalstandardsandcompetitiveindustrypractices,the BP
Manual servesto meetthefollowing objectives.
• Assistthe defenseindustrycustomerin obtaininga consistentevaluationof supplier’s

managementandprocesscapabilities.

• Conveythe defenseindustrycustomer’sbusinesssystemrequirementsto suppliers.

• Assistthe supplierin understandingthe customer’sexpectationsof the supplier’sbusiness

systems.

• Identify businesssystemrequirementsthat should bespecifiedin thecontractor statement

ofobjectives.

Practicesthat meetexistingstandardsof theAmericanNationalStandardsInstitute(ANSI),
InternationalOrganizationfor Standardization(ISO), AmericanSocietyfor Quality Control
(ASQC), SocietyofAutomotiveEngineers(SAB), Electronic IndustryAssociation(EIA) orthe
supplier’sown competitivecommercialbestpracticesmaybe usedto satisfythe intentof the
BP Manualrequirements.Thesupplier,however,musthavedocumentedprocessesand
proceduresandbeableto demonstratecompliancewith theBP Manualrequirements.

TheBP Manualestablishesacafeteria-stylemenufor developingbusinesspracticerequirements
that canbe incorporatedaspartofa contract.Requirementsshouldbe kept to theminimumand

be tailoredbaseduponthespecificsoftheproduct. The suppliermaysubmitalternative
approaches,but theymustmeetthe intentofthecustomerrequirements.To workbest,
requirementsshouldbe establishedin a cross-functionalteamenvironmentandmustbemutually
agreeduponby the customerandthesupplier.
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In additionto therequirementsareguidancestatementsthat specifyrecommendedprocesses.

Theserecommendedprocessstatementsare not mandatoryto the supplier. A recommended
processis lookeduponasa bestpracticeby thecustomerandwould beevaluatedpositively
during supplierselectionif thesuppliercandemonstratecompliance.

TheBP Manualis partofa newprocessfor theprocurementofmilitary productsfrom
commercialsources.Takentogetherwith theModel Subcontract,theBP Manualprovidesa
frameworkfor theacquisitionofcommercialitems. Thefollowing discussionplacestheBP
Manualin thecontextoftheoverall DOD Acquisition Reforminitiatives.

Acquisition Reforminitiativeswithin theDepartmentofDefenseprovideamechanismfor
procuringmilitary productsfrom commercialsuppliers. Thekey developmentis theuseofa
newcommercialitem definitionperFAR 2.101Definitions andPart12: Acquisition of

CommercialItems. Underthis definition, commercialitemsor ancillaryservicesaredefinedas:

(a) Any item that is of atype customarilyusedfor nongovernmentalpurposesandthat is

offeredandsoldcompetitivelyto thegeneralpublic. Commercialitemsusuallyhavea
catalogorpublishedpricesheet,arecontractedon afirm fixed-pricebasisandaresold
with a productwarranty.

(b) Any item thatevolvedfrom paragraph(a) throughadvancesin technologyor
performance,whichwill be availablein thecommercialmarketplace.

(c) Any item in (a) or (b) but for: (1) modificationscustomarilyavailablein thecommercial
marketplaceor (2) minormodificationsto meettheGovernmentrequirement.Minor
modificationsdo notsignificantly alter thecommercialfunctionoressentialphysical

characteristic,or changethepurposeof aprocess.Minor maybedeterminedby the
modificationvalue,sizeor scoperelativeto final product.

(d) Any combinationof (a, b, c, e) thatarecustomarilycombinedandsold in combinationto
thegeneralpublic.

(e) Installation,maintenance,repairor trainingservicesif suchservices(1) offeredto the
generalpublic andthe Governmentcontemporaneouslyandundersimilar termsand
conditions.(2) offersto usethesameworkforcethat is usedfor providingsuchservices
to thegeneralpublic.

FAR Part 12 describesthepolicy theprocuringAgencyshall useto makeacommercialitem

determination.If thecommercialitemdeterminationconcludesthatthe itemunderconsideration
doesnotmeetthedefinition ofa commercialitem, theJBPprocesscannot be usedFactorsthat

mustbe consideredinclude:
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• ability of theproductto meettherequirements

• pricereasonablenessor costanalysis

• quality of theproduct,

• supplier’spastperformance.

TheCommercialItemdeterminationbeginswith marketresearchto identify: 1) potential
commercialproductsorservices,2) thequality oftheseproductsor servicesand3) thelevel of
competitionorpricereasonablenessthatexistsin thecommercialmarketplace.Thecustomer
mustensurethatcommercialproductsmeettheir requirementsfor reliability, operational
performanceandlogisticssupport.Commercialproductinformation,performancedataandtest
datashouldbeusedto substantiatemarketresearch.

Pricereasonablenessmaybe establishedby comparisonto thesameor similar items that are
commerciallyavailable. Thesuppliermaysubmitinformationto supportcommercialpricing,i.e.
catalogsor publishedprices,andtheirrationaleforpricingofmodifications.

Contractsfor commercialitemsshallrely on thecontractor’sexistingqualitysystemsasa
substitutefor Governmentin-processinspectionandtesting beforetheproductis tenderedfor
acceptanceunlesscustomarymarketpracticesincludein-processinspection. This manualwill be
usedinitially to evaluatethequality system. Specificquality requirementsfor theprocurement
will bedevelopedaspart ofthesolicitationprocessandthroughnegotiations.

Oncetheitem is determinedbeacommercialitem, a solicitationpackagecanbe issuedto
prospectivesuppliers. Thesolicitation packageshould consistofthe MPCL Model Contract

that includesattachedexhibits:a technicaldatapackageto includeaPerformanceSpecification,
the BP Handbookanda Statementof Work. Thetermsand conditionsoftheMPCL Model
Contractarebasedoncommercialpracticesandincludeonly threeFAR-basedclauses:

• EqualOpportunity

• Affirmative Action for SpecialDisabledandVietnameraVeterans

• Affirmative Action for HandicappedWorkers

Theresponsesto thesolicitationpackageshouldbe usedto furtherqualify thesuppliers,serveas
abaselinefor theeventualcontractandestablishpricereasonableness.Thesupplierwill review

the solicitationpackagefrom bothacontractualandatechnicalperspective.Thetechnical
perspectiveincludesthe SOW,performancespecificationandtheBP Manual. Thereviewofthe
BP Manualincludesdefinitizationoftherequirements.Thesupplierreviewrequiresa self-
assessmentoftheir internalpracticesusing theOperationalRequirementsMatrix form asa guide.
Thereviewmayindicatethatall operationalrequirementsare adequatelyaddressed,in the
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supplier’sopinion, by theirexistingfacility-wide processes.In thiscase,a properlysigned
certificationin the supplier’sformatis preparedindicatingthatno furtherdocumentationis
necessary.If theirexistingprocessesdo not satisfyall of therequirements,aProgramControl

Planmustbedevelopedto definewhatmustbe changedto addresstheshortfall.

Thesupplierwill alsoprepareaCommercialItemPriceEvaluationto provideinformationfor
evaluatingthereasonablenessofprice.Thefollowing topicsshouldbeaddressedin thisposition
paper:

• Dataon salesofthecommercialitemsto thegeneralpublic.

• Productorprocessmodificationsthat arecustomarilyavailablefor thecommercialproductas

comparedto modificationsrequiredfor theGovernmentproduct.
• Specificproductandmanufacturingprocessmodificationsrequiredto meettheGovernment

performancespecifications.

• Comparisonofthe componentsrequiredfor themilitary productversusthosecommonly
usedin theirexistingcommercialproducts.

Uponreceiptofthe supplier’sproposal,the customerwill evaluatetheresponse,selecta source
and beginnegotiationsleadingto aCommercialItem Subcontract.
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BP MANUAL SECTION SUMMARY

MANAGEMENT

Planningfor Excellenceduringaproduct’slife cycleincludesrequirementsdefinition, design,
development& verification,manufacturing,operationsandsupport. Theseaffect all functional

groupswithin anorganizationandshouldthereforebe developedby thecross-functionalteams.
Cross-functionalteamsidentify problemsearlyandmaintainacooperativespirit of resolution
therebyprovidingthe highestopportunityfor programsuccess.AttachmentA containsthe
cafeteria-styleOperationalRequirementsMatrix with recommendedrequirementsfor supplier
proprietaryitems,build to print with existing suppliers,build to print with newsuppliersand
supplierswith designonly responsibility. AttachmentB containstheOperationalRequirements
Matrix usedforthe IndustrialBasePilot requirementsandthesupplier’sProgramControl Plan
to meetcustomerrequirementsthat arenot addressedby theirexistingproceduresandsystems.

DESIGN ENGINEERING

A gooddesignis requiredto satisfythecustomer’sperformance,priceand qualityobjectivesas
well asthe supplier’sprofit objectives.Therequirementsin thissectionaddresstheprocessfor
customer’sinvolvementin thedesignprocess.

PARTS CONTROL

A PartsControlProgramis an industrybestpracticefor the selectionofpartsormaterialsduring

theproductlife cycle. Theprogramis establishedto achievelife cycle costsavings,reduceparts
proliferationin aproductor system(including reductionofthenumberofparttypes,gradesor
values),minimize theaffectof partsobsolescence(out-of-productionpartsor diminishing
manufacturingsources)andimprovepartsinterchangeability,reliability andmaintainability.

A PartsControlProgramwill reduceproductcostby knowledgeableselectionandcontrol ofthe
component’sperformance,quality, durability,maintainabilityandreliability characteristics.The

PartsControlsectiondescribestheexpectationsofthecustomerfor control ofproductand
designsandadvancednotificationwhencomponentsarebeingphasedout. Thesuppliermay

satisfytheserequirementsaccordingto their internalproceduresoramutuallyagreeduponParts
ControlPlan. An exampleMicrocircuitPartsControlPlanis attached.



CONFIGURATION MANAGEMENT

Theconfigurationmanagementprocessensuresadherenceto customerrequirementsandproduct
repeatabilityin manufacturing.Configurationmanagementprocessesincludereleasecontrols,
implementingchangesto designandconfigurationdocuments,subcontractorconfiguration
management,disasterrecoveryplanning,as-builtreportingandreportingof revisionstatus.Note:
This documentdoesnot addressdrawingformats,whichmustbeagreeduponby thedesignagent

andthe customer.

QUALITY SYSTEMS

Thesupplier’sQuality Systemshouldprovidefor continuousimprovementandvariability
reduction. The requirementsdefinedin this BusinessPracticesManualarebasedon ISO-9001
or ISO-9002.Many industry groupsor customershaveuniquequality systemrequirements

basedon 150-9000:QS-9000for theautomotiveindustry,Dl-9000AdvancedQuality Systems
for BoeingandTS-9000for thetelecommunicationsindustry.TheBusinessPracticesManualis
ourattemptto establishquality systemrequirementsthat areacceptableto the defensecustomer,
military contractorsandcommercialsuppliers.

SUPPLIER SELECTION

SourceSelectionpoliciesand/orproceduresaddresstheselectionofqualifiedsuppliers,
performanceratingsystemsandevaluationofpastperformance.Thetechnicalandcostissues

involvedwith down-selectionarenotaddressedin this document. TheAppendicesdiscuss(a)
sub-tiersupplierself-evaluations,(b) systemregistrationlevelsand(c) supplierrelationships.

PROCUREMENT CONTROLS

Procurementcontrolsareestablishedto provideclearcommunicationofrequirements,delivery
andacceptancecriteria.Thissectiondiscussestheminimuminformationnecessaryfor
procurement,stressestheimportanceoftheacceptancecriteriaanddiscussesthe Government

priority ratingsandallocationsystem(referredto asDPAS). TheGovernmentcustomershould
not requireDPASona commercialitem contract.TheProcurementSystemevaluation(a.k.a.
Contractor’sProcurementSystemReviewCPSR)requirementis establishedbuta cautionis
includedto makeit clearto theGovernmentcustomerthatcommercialcompaniesnormally do

notpermitreviewsoftheirprocurementsystem. The commercialsuppliersarerequiredto
provideevidenceof independentor internalprocurementsystemreviewsundertheISO
requirements.The Appendixcontainsatypical customerreportthatmight be usedin lieu ofa
procurementsystemaudit.
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CUSTOMER PROPERTY

CustomerPropertycontrolsensurecustomersthat theirpropertyis beingproperlyutilizedand
protected.Thecommercialsupplieris usuallyunfamiliarwith governmentrequirementsfor
control of customer-furnishedproperty,including identification,care,tracing,andgovernment

propertyreporting,auditsanddisposal. They usuallyhavethecapability to controlcustomer-
furnishedtooling andmaterialthat is consignedby a sub-tiersupplier;butmaterialorproperty
which is consideredsensitive,includingnationalsecurity,frequentlycannotbe adequately
controlledby commercialcompanies.TheISO 9001requirementsdo not typically require
controlsfor this typeofmaterialorproperty. This is anareawherebothgovernmentcustomers

andcommercialsuppliersmustclearlyunderstandtheaudit, trackingandreportingrequirements
andthesupplier’scapabilities.Tailoring of supplier’sproceduresin aProgramControlPlanis

frequentlyrequired.

HANDLING, STORAGE AND PACKAGING

Handling,Storage,PackagingandDeliveryprocessesarenecessaryto avoidproductdamage
duringmanufacturingorassemblyandduring shipmentandstorage.Commercialpracticessatisfy

mostcases,but uniquecustomerrequirementsmayrequireadditionalinstructionsfor markingof
packages,barcoding,orunusualenvironmentalconditions. Theseinstructionsareusuallyfound
in the Statementof Objectivesor contract. This is an areawhereaclearunderstandingby both

partiesis important.

PRODUCTION PROCESSAND CONTROL

Productionprocesscontrolsaffectprocessyield. This sectionestablishesthecustomer
requirementsfor assurancethatthesecontrolsarein placeandfunctioning,with particular
emphasison controlsandkeycharacteristics.

PRODUCT SUPPORT

Productsupportcoversissuesafterinitial delivery to include replacement,maintenanceand
productwarranty.

RELIABILHY

Reliability orprobability that theproductwill performin its intendedenvironmentfor a

specifiedperiodoftime determinesthecostforproductwarrantyandthereportingrequirements
for thecustomers.Thisreliability informationis usedto markettheproductto potential
customersand affectstheproductwarrantyandcustomer’sproductsatisfaction.
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1. Management
Objective: To identify problems early and provide the highestopportunity for success.

The supplier shall describe its organizational and technical interfaces, responsibility,
and authority with respectto design,parts control, configuration and data management,
quality planning, source selection,developmentand production activities.1

Therequirementsdevelopedin this documentareonly applicablewhenspecifiedin the Contract

orStatementof Work. Thefollowing requirementsfor policiesandorproceduresareestablished:

RequirementsSummary Par.

1 1.1 Cross-functionalTeams 1.1

2 OperationalRequirementsMatrix 1.2

3 1.3 ProgramControlPlan 1.3

4 1.3.1 ScheduleofKey ProjectEvents 1.3.1

1.3.2 CustomerParticipation 1.3.2

1.1 Cross-functional Teams

Effectiveplanningfor excellenceduring aproduct life cycle shouldincludeacross-functionalteam

approachto maximizetime,moneyandresources.Theseteamsshouldbe includedin
requirementsdefinition,design,developmentandverification,manufacturingand support.Cross-
functionalteamsfacilitate opencommunicationlinks within thecompanyandwith customers

and key suppliers.

Theseteamsreportto aprogrammanagerwho hasoverall programresponsibility. Cross-

functionalteamscontinueto be involved atvariousstagesofdevelopmentandproductionand
continuethroughouttheproductlife-cycle.
Theseteamsare sometimesreferredto as“Team

OrientedProblemSolving” (TOPS). “Integrated
ProductTeam”(IPT), “multi-disciplinary teams”

or“IntegratedProduct/ProcessDevelopment”
(IPPD).

QS-9000 Quality SystemRequirementspar. 4.1.2 Organizationalinterfaces,
QS-9000 Quality SystemRequirementspar. 4.2.3 Useof Cross-functionalteams
ISO Q9001-1994 par. 4.1.2.1, 4.4.3
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Teamsare typically composedofqualified personnel including, asrequired:

• Customer • Mechanical Engineer

• SystemsEngineer • Key sub-tier suppliers

• Quality Assurance • Manufacturing Engineer

• ElectricalEngineer • Financeor BusinessOffice

• Configuration & Data Management • ComponentsEngineer
• SoftwareEngineer • Material Control

• Procurement • Material & Process Engineer

Critical sub-tiersuppliersandthe customershould also be proactively included asearly as

possible in thesecross-functional teams.

1.1.1 Program Management

The following activities should be consideredby the supplier whenpreparing for a successful
project.

• Establishprogramcontrol plan(see0) asrequired

• Determinecustomerinvolvementandparticipation(see0)

• Determine customer approval for planning documents

• Establish scheduleofkey project events(see0)

• Establisha single-point contact

• Provide for customernotification ofexpecteddelaysor problems

1.1.2 Legal and Ethical Conduct

Proper legal and ethical conduct is a major part ofthe relationship betweencustomersand
suppliers. All suppliersmust implement policies and practices that ensureadherenceto a high
standard ofconduct.

1.1.3 TechniquesUsedfor Team Communication

The following techniquesfor opencommunicationshould be employedto themaximum extent
possiblewithin integrated product teams.

• Regularly scheduled,frequent IPT meetings

• Informalreviews

• Materialstatusmeetings

• Electronic mail

• Commondatabases

6



1.2 Operational RequirementsMatrix

The OperationalRequirementsMatrix (ORM) should be usedto focusthebusinesspractice
requirementsto thespecificsolicitation.

The supplier shall return the Operational RequirementsMatrix2 to evaluatethe
relationship of the customer’sbusinesspractice requirements to the supplier’s existing
quality systemprocedures,instructions or control plans.

A simplecross-referenceofthe supplier’sprocedureto the customer’srequirementsmay beall

that is necessary.SeeAttachmentA - OperationalRequirementsMatrix for the template.
Completeinstructionsfor both thecustomerandsupplierareshownon attachedORM form.

1.3 Program Control Planning

Customer Whenacustomerhasuniquerequirementsthatare
SatiSf7”er Needs Co11tT~ not metby thesupplier’sexistingproceduresor

Vaii~ 1Oj~ We’J’~ jost~~ tailoring supplier’
~?e&ijj~o,~ ye e~ processes, ofthe s processesor

System y.eC~ proceduresis required.This tailoringshouldbe

Effectiveness KeyCharacteristics accomplishedby programcontrolplansthat are
Quality specificto this productand will meettheintentofthe

Engineering customer’srequirements.
The supplier shall establish,documentand

KflO1~~iie~g~ maintain a Program Control plan ‘ as mutually
agreed and shall submit for customer review and

acceptance.

Thevariousplansreferredto in this documentareonly requiredwhenthe customerspecifiesthe
plan(s)from Table 1 asarequirementandwhenthe supplier’sexistingproceduresand
documentationdo not adequatelyaddressthoserequirements.Theseplansmaybecombined
into oneoverall “ProgramControlPlan”. Revisionsto controlplansshouldbe madeas
requirementsorcircumstanceschangeduring product’slife cycle.4.

Control Plans BPM Section
Design Control 2
Parts Control 3
Configuration Management 4
Quality Assurance 5
Source Selection 6
Customer Property 8
Handling, Packaging & Storage 9
Manufacturing Process Control 10
Product Support 11

Table 1. Typical Control Plans

2

ISO Q9001-1994par. 4.2.3 Note 8: ... in the form of a reference
ISO Q9001-1994par.4.2.3 Quality Planning
ISO Q9004-I-1994par. 5.3.2.3
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A certification,in thesupplier’sformat, signedby anauthorizedcompanyrepresentative,is
requiredfor customerrevieweitherduringtheproposalprocessorassoonaspossibleafter
contractaward. This certificationshouldincludethe following.

• howproductorprocesseswill be controlled

• rolesandresponsibilities

• whatinformationldatais collectedandhow it is usedandreported

AttachmentB - IBP/MPCL ProgramControl Planis includedasatypical exampleofa
commercialcompaniesresponseto theOperationalRequirementsMatrix. Thisexampleshows
thecaseof aProgramControlPlandevelopedfor theMPCL projectitself.

1.3.1 Scheduleof Key Project Events

TheScheduleofKey ProjectEventsis usedto facilitatecommunicationamongtheinternaland
externalcustomers.As amemberofthecross-functionalteam,thecustomermaywish to
activelyparticipatein theseevents.

The supplier shall establish,document and maintain asnecessary,a scheduleof key
project events5and provide for customerreview assoon as possibleafter contract award.

Keyprojectsfor schedulingmayincludethefollowing.

• Designreviews

• DesignVerification6 (DV)

• FunctionalConfigurationAudits (FCA)

• Qualificationtesting

• Designfor Assemblyor Manufacturability(DFMIA)

• Trial runsor prototypebuilds

• ProductionValidation(PV)

• PhysicalConfigurationAudit (PCA)validationor

• Testverifications

• Acceptanceinspectionortesting

• Incentivefeeopportunities

1.3.2 Customer Participation Plan

Customersmayrequireprogressreviewsduring design,manufacturingandproductacceptance.
Thesemayincludewitnessingormonitoringinspectionsor testsrequiredto substantiateproduct
conformanceto engineeringdrawings,specifications,andothercontractualrequirements.When
the customeris anactivememberin an IntegratedProductTeam,inspectionsandtestsshould

ISO Q9004-1 par. 8.2.3Time-phasedDesignactivities
6 ISO Q9001-1994par.4.2.3f
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becomemore informalorbebasedon reviewsofexceptions.Thesereviewsandtestsat the
supplieror subcontractor’sfacilities do not relievesupplierof responsibilityfor ensuringquality.

The supplier and customer shall mutually establish a Customer Participation Plan for
design reviewsand verification, and product validation or inspectionsprior to production
release.

Therequiredcustomerparticipationwill be indicatedon the OperationalRequirementsMatrix or
in thecontractor StatementofObjectives.Possibleparticipationpointsareshownin Table2.
Typical CustomerParticipationPoints.

Typical Customer Participation 6PM Section

System Requirements Review (SRR) 2
Preliminary Design Review (PDR) 2
Design Validation (DV/FCA) 2

(Critical Design Review) WI Functional Configuration Audit 4
Production Validation (PV/PCA) 4

WI Physical Configuration Audit
Customer Surveillance & Inspection 5

Table 2. Typical CustomerParticipation Points

1.4 Benefits

Customerparticipationin designreviews,productdevelopmentandwitnessingofproduction
processesfacilitatestheremovalofbarriersbetweenthe customerandthesupplier’sinternal
organizations.The initial startupperiodfrom conceptto productis frequentlyincreasedwith
theuseofan IntegratedProductTeam. This is aconsequenceofmorethoroughup-front
planningofthedesignrequirementsandproductionprocesses.Subsequentproductioncycletime
shouldbereducedby decreasingthere-design,engineeringchanges,re-workrequiredandby
increasingfirst passyields.

9
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2. Design Control

Objective: To provide lowest costfor product development,production, and operation,and
the highest level of customer satisfaction.

Thepurposeofdesigncontrols7is to ensurethat processesarein placeto designproductsthat
financially benefitthecompanyandmeetcustomertsrequirementsandpriceobjectives.Design

activitiesbeginat contractawardandcontinueduring theproductlife cycle includingproduct
improvements.Designplanningshould incorporateall functionalresponsibilitiesin orderto
satisfythe customer’srequirementsandthecompany’sgoalsandobjectives.

Therequirementsdevelopedin this documentareonly applicablewhenspecifiedin the contract,
statementofworkoroperationalrequirementsmatrix6. Thesupplier’sown processesor
systemsmustmeettheintentofISO 9001 andtheserequirements.Thefollowing requirements

for policiesand/orproceduresareestablished:

Requirement Title Par.

1. 2.3 DesignandDevelopmentProceduresandPlanning 2.3

2. 2.7.2 SystemRequirementsReview(SRR) 2.7.2

3. 2.7.3 PreliminaryDesignReview 2.7.3

4. 2.7.4 DesignVerification (DV) 2.7.4

2.1 DesignGoals

Designconsistsofconcurrentdesignandmanufacturingengineeringtasks(analysis,simulation,

modeling,testing,documentation)requiredto convertcustomerrequirementsinto technical
specifications,fabricationandassemblydrawings,specificationsand/ordatafor aproducible
product. Designgoalsmayinclude:

• “Developquality productsthatwill meetthecustomerrequirementsandresultin highly
satisfiedcustomers.~~

• “Develop,design,produceandsupplyproductswhich aremosteconomical,mostuseful
andalwayssatisfactoryto the customer” Ishikawa

• “Ability oftheproductto meetthecustomerrequirementsand expectations”Deming

• “Fitnessfor use” Juran

• “Conformanceto requirements”Crosby

• “Design quality into theproduct” Taguchi

ISO Q9001-1994 par. 4.4and ISO Q9004-1-1994par.8.0
S OrganizationalandTechnicalInterfacesBP RequirementsSection1
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Thedesigngoals,asdefinedby thegurusofquality Ishikawa,Deming,Juran,Crosby,and
Taguchimayincludethefollowing. Designis acritical elementofaproduct’slife-cycle, quality
andcustomersatisfaction.

2.1.1 RobustDesign

A robustdesignresultsin aproductor processthatproducesconsistent,high-levelperformance

“despitebeingsubjectedto awiderangeofchangingcustomerandmanufacturingconditions.”

Traditionalengineeringfocuseson solving
problems,failure analysis,useof arepetitive

processof design-build-test,testingonefactor
at atime,firefighting, andstudyingin detail
problemsassociatedwith interactionsofthe

factorsinvolved.This approachcostsmore,
takesmoretime, andis notalwayssuccessful.

Taguchi’sapproachallowsexperimentsto be
performedand prototypesto be testedon
multiple factorsat oncesothat theproductor
processbecomesinsensitiveto use-conditions

________________________________________ anduncontrollablefactors.

This is calledRobustDesign,9andprovidesamoreefficient,cost-effectiveway to improve
productsandprocesses.

• Developproductsandprocesseswhich performconsistentlyasintendedunderawide
rangeofusersconditionsthroughouttheirlife cycle (durableandreliable).

• Maximizerobustness-improvetheintendedfunctionoftheproductby developingand
increasinginsensitivityto noisefactorswhichtendto degradeperformance.

• Developorchangeproductformulasandprocesssettingsto achievedesiredperformanceat

the lowestcostandin theshortesttime.

• Simplify designsandprocessesto reducecost.

TheRobustDesignprocesssimultaneouslyyieldssignificantly improvedproductquality,
reliability, anddurabilitywhile reducingdesigncycletimesandmanufacturingcosts,andbringing
to light new,proprietaryknowledge.

2.1.2 Open Architecture

Designarchitecturedefinesthestructureofinterfaces,electricalor mechanical,betweenthe

subassembliesthatcomprisethefinal productandthe externalinterfacesoftheproduct.

~ AMERICAN SUPPLIERINSTITUTE @ http:!/www.amsup.com/TAGUCHI/

Figure 2-1. RobustDesign- Taguchi
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Thedesignshouldfacilitate:

• continuousproductimprovements

• built-in testingsuchason-boardor in-circuit testing,

• additionof functionality

• modularstructure

• adaptableto or interchangeablewith othersystems,and

• easeofreplacementof partsthatbecomeobsolete.

Reference:AS 4893,GenericOpenArchitectureFramework10wasrecentlyreleased(1/1/96)by
SAE CommitteeAS-5. “This standardrepresentsthefirst stepin the committee’sefforts to

developstandardsfor opensystemsin supportofthechangingDoD perspectiveon military
procurement.GenericOpenArchitectureestablishesahierarchicalmodel that definesnine
interfaceclasses,fourprimarylevels,andtwo secondarylevels. It allows for theorganizationof
systemrequirementsanddefineshowthey areappliedatthe appropriatelevel to determine
interfacepoints. Thedocumentprovidesa frameworkthat identifiestheinterfaceclassesandis
thestartpoint for developmentof interfacestandardsfor systemdesign. It is scaleablein that it
canbeappliedequallywell to systemor subsystemdesigns.”

2.2 DesignControl Model

Figure2-2. DesignProcessModel below illustratesatypicaloverviewDesignControlprocess
that is timephasedduringaproductlife cycle. ThedarksymbolsindicateDesignactivitiesor
reportsthat maybe requiredby thecustomer.Thelight shadedareasindicateactivitiesthat may

involve thecustomer,specificallywith cross-functionalteamsandwith respectto the customer
reviewsthat maybe conducted.Designreviewsareconductedduringproductdefinition,
development,andproductionphasesofthecontractandbecomemajormilestonesfor life cycle
phasing.

10 SocietyofAutomotiveEngineers:http://www.sae.org/NETWORKiopenarch.htm
“DesignsshouldbeFlexible, Idiot proof,Simple, andEfficient”. Taguchi
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____________________________ PRODUCT PHASE (Life Cycle):

AWARD - CONCEPT PHASE PRODUCT DESIGN & PROCESS DEVELOPMENT PHASE PRODUCTION PHAS

( CROSS-FUNCTIONAL TEAM Design, Manufacturing. Material & Processes, Quality, Psrchasing, Reliability, Logistics, Supplier, Customer

2.3 Designand DevelopmentProceduresand Planning

Supplier shall describeits internal designcontrol procedures,’1 processes,standards,
reviewsand product validations which ensurethat statedperformance and reliability
requirements will be satisfied.

2.3.1 DesignControl Plan

Whenthesupplier’sexistingdesigncontrolproceduresandsystemsdo not adequatelyaddressa
customer’sdesignreviewrequirements,theDesignControlPlanwill specificallyaddressthe
supplier’sintendedapproachfor obtainingthecustomer’sperformanceandreliability
requirementsin thedesign. TheDesignControlPlanis requiredif specifiedin Section1.0

ProgramControlPlan.

The DesignControlPlanis developedin sufficientdetailby thesupplierandprovidedto the
customerto clearlydescribethedesignorganization,inputs,outputs,reviews,verifications,
validations,schedules,continuousdesignimprovements,andthepointsat whichthecustomer
involvementis availableor required. It is recommendedthatthesupplierconsidertheformation

ISO Q9001-1994par. 4.4.1 documentedprocedures...

• Feedback • CONTINUOUS IMPROVEMENTS —.... ••—.
I
I
I
I
I
I

Feedback

Figure 2-2. DesignProcessModel
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ofa cross-functionalteam’2to facilitatecommunicationwithin thecompany,andto includethe
customerandkey suppliersasearlyaspossible.

2.4 Responsibilities for Design

Thefollowing aretypical designresponsibilitiesfor thedesignagent.

• Establishcustomersatisfaction’3asaprimarydesignobjectiveandasan elementofthe
supplier’sBusinessPlan.

• Establishbudgets(Work BreakdownStructure(WB S), if applicable),anddesignschedules
includingallocationof resourcesavailable.

• Analyzecustomerperformancerequirementsandcontractualflow downto develop
productsthatmakeuse,ascloseaspossible,of existingequipmentandmaterialfoundin
industry.

• ConsiderQuality FunctionalDeployment(QFD)14(par.2.5.2)duringproductdesignwhich
emphasizescustomer’sneedsandwants,identifiesandvalidatescustomer’skey
characteristics,andproductsupportandlogisticsrequirements.

• Establishmajorcomponentreliability checklist’5anddetermineinternalandexternalquality
requirements.

• Obtainacceleratedsupplierdelivery commitments,particularly for long-leaditems.

2.4.1 DesignApproach

Thedesignorganization’splanningprocesswill addressthe“bestcompetitive”designapproach

including investigationofnewtechnologiesandstate-of-the-artapproaches,risk management
andmitigation,considerationoftrade-offfor value,performance,cost,andschedule.After the
initial selectionofcomponentsandproductswhichmeettherequirements,on-goingparts

managementparticipationis necessaryto identify alternativesfor obsoleteorhigh risk
componentsduringproductlife-cycle.

2.4.2 SourceSelectionProcess

Theselectionof suppliers16who aredesirousandcapableofproviding productsandsupportis
critical to thesuccessfuldesignandmanufactureof any product. Thedesignteamwill conducta

competitivemarketinvestigationofpotentialsuppliers. Theobjectiveofthis marketresearchis
to observeandobtain,if possible,manufacturer’stestresults,determinetheextentof other

12
SeeSection1.0OrganizationalandTechnicalInterfaces
ISO Q9004-l-1994 Quality ManagementandQuality systemElements- Guidelines
par. 5.1.2,8.4.2a ... Customer’sneedsand expectations
Quality FunctionDeployment(QFD) identifiesthe“Voice of The Customer”;thecustomer’sobiectivesin
additionto therequirementsduring theearlydevelopmentstages.

‘~ PreliminaryMajor ComponentReliability Checklistcontainingdescription,supplier,PPM level, incoming
inspectionrequirements,qualificationor suppliertests,SQA activity required.

16 Commercial& NonDevelopmentalItemsHandbook,5-1996,Defining RequirementsPg. 20
http://www.acq.osd.mil/es/stdlndi
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customerusageandproductexperience,andto obtain independenttestlab results,if necessary.

SeeSection3.0 - PartsControlProgram- PartsSelectionasanElementofDesign

2.4.3 Manufacturing feasibility

To reducehigh risk itemsandpotentialproblems thedesignteammustensurecompatibility’7 of

designwith production,inspectionandtestprocessesandequipment,both internally andat key
sub-tiersuppliers.

2.4.4 Supplier-identified Key Characteristics

By conductingDesignof Experiments(DOE),FailureModeEffectsAnalysis(FMEA), or

Designfor ManufacturingorAssembly(DFM/A) studies,thedesignand/ormanufacturingteams
may identify processcapabilitiesorproductkey characteristicsthat mayaffectmanufacturing
yield which mustbeaddressedin theproductdesign.

2.4.5 Continuous Improvement

The designteamshould obtain manufacturingprocesscapability, productionyield, and field
feedbackinformationto improvethedesign.

2.5 DesignInput

Customerperformancerequirements(Requirementsbaseline)is theprimarydriverfor thedesign
requirementsandaredefinedin thecontract,StatementofWork (SOW),StatementofObjectives

(SOO),or TechnicalDataPackage(TDP) providedby customer.

Thecross-functionalteamshouldensurethatcustomerrequirementsareclearly identifiedand
understoodby all functionalorganizations.StatutoryandRegulatoryrequirements(i.e. safety,
environmental,etc.)maybe thoughtto be “understood”andmaynot bedefinedin thecontract,
ortheymaybespelledout by referenceto variouscivil codes,industrystandardsor, in thecase
oftheGovernment,by theFederalAcquisitionRegulations(FAR). Any differencesbetween
customer’srequirementsandthesupplier’scapabilitiesneedto be resolvedimmediately. Topics

belowmaynotbe requiredorapplicablefor all productdesignsorprojects.

2.5.1 Contract Review18

Contractreview’9 by membersofthecross-functionalteamis crucialto understandingcustomer
requirementsandcommitmentsmadeby thesupplierin theirproposalor contract. Reviewof

t7 ISO Q9001-1994par. 4.2.3c ensuringcompatibility
18 ISO Q9001-1994par. 4.3 c ... supplierhascapabilitytomeetthe contract

ISO Q9001-1994par. 4.4.4 DesignInput
19 ISO Q9001-1994par. 4.3 ContractReview
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thecontractandothercustomerrequirementsis theprimary sourcefor designinputs. Thesemay
include:

• customerperformancerequirements,targets

• specificationreviews

• schedulesfor product,data,incentives,milestonetasks

• supplierdevelopedpre-award(proposal)information

• feasibility analysis: financial,productandprocess

• verificationthatdesignobjectivesis communicatedto cross-functionalteam.

2.5.2 Quality Functional Deployment

Quality FunctionalDeployment(QFD)~ is an optionalcross-functionalrequirementsdefinition
tool thatemphasizestheinternalandexternalcustomers“needsandwants”duringtheinitial

designof theproduct. QFD providesamethodto design-inqualityby systematicallyidentifying
keyproductdesignrequirementsandresultingmanufacturingprocessesandproductparameters.
TheQFD processwill reduceproductre-designs,developmentcycletime, productionstartup
costs,andreductionof futurefield problemsandwarrantycosts. QFD establishesarelationship
matrix betweenthecustomerrequirements(“whats”), the supplier’smeasurabledesign

parameters,andmanufacturingplanning(“hows”); yielding abetterdesignandmoredetailed
planning. Whenadditionalcustomer“wants” arediscoveredduringthisprocess,thesupplierwill
typically requirearevisedrequirementsdocumentsandpossiblyadditionalfundingto
incorporatethe“wants.” UsingQFD, thecustomerandsupplierwill obtainamoredefined

understandingoftheproductbeingdeveloped. It is critical thattheprocessandall subsequent
agreementsbe adequatelydocumented.

2.5.3 Design Rules or Guidelines

Thesupplierdefinestheinternalproceduresandguidesto be usedduringdesigndevelopment.
including (a) time-phaseddesigndevelopment,21 and(b) theconceptualdesignanddevelopment
approachesto beused.The developmentof a PrototypeControlPlanis arecommendedmethod

for the supplierto assurethemselves,prior to production,that theproductmeetsthe
specifications,thatall testshavebeenperformed,thattrackingandvalidatingkey characteristics

arecompleted,andthatall datais recordedasrequired.

20

Quality FunctionDeployment(QFD)AmericansupplierInstitute,Inc. identifiesthe“Voice of The Customer”;
thecustomer’sobjectivesin additionto the requirementsduring theearlydevelopment.

21 ISO Q9001-1994par. 4.4.6 DesignReviews
ISO Q9004-I-1994 par. 8.2.3 time-phaseddesignprogram
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2.5.4 Drawings, Specificationsand Documentation

All documentationusedfor productdevelopmentis required,includingstandards(National,
Military, internal)andsourcesfor technicaldataor information.

Note: Drawingformatis not discussedin thismanual. Thecustomerandsuppliermustagreeon

theseformats. National(ASME Y14.1,ANSI Z1.4-1993)andMilitary (MIL-STD-lOOE)
standardsexist forreference.

2.5.5 Statutory and Regulatory Requirements22

All Federal,State,andlocal safety,environmentallawsorregulationsneededfor propercontrol

of environmentalemissionsandproductpackagingfor transportationareto beaddressedin the
designplan.

2.5.6 Tools and Techniques

Thefollowing arevarioustoolsor techniquesusedfor productdevelopment.

• DesignFailureModeEffectsAnalysis (DFMEA) optimizestherelationshipbetween

designfunction,manufacturability,andeaseof assembly.23DFMEA readily identifies
thosepropertiesorprocesseswhich, basedonthe suppliersexperiences,areconsidered

“special” or“key” to theproduct’sability to meetrequirements.TheDFMEA is an
importanttool for identificationandtrackingof theKey characteristicsduringthedesign

developmentphaseofaproject.

• ValueEngineering(VE) - cost,performance,scheduletrade-off

• Designfor ManufacturingorAssembly

• DesignofExperimentspar. 0.12)

• ProcessFailureModeandEffectsAnalysis (PFMEA)

• Finite ElementAnalysis(FEA)

• SolidModeling

• Simulationtechniques

• ComputerAidedDesign(CAD) ComputerAided Engineering(CAE) equipmentshouldbe
capableoftwo-wayinterfacewith thecustomer.

2.6 DesignOutput

The outpuf4of thedesignprocessincludes:

• Conceptualdesigns (par.2.6.1)

22 ISO Q9004-1-1994par. 8.2.4
23 AdvancedProductQuality PlanningandControl Plan, AIAG, App. B, pg. 82
24 ISO Q9001-1994par.4.4.5 DesignOutput
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• Risk identificationandmitigationplans (par.2.6.2)

• Releaseddesignsincluding (a) DrawingsandSpecifications(par.2.6.3),and(b) Computer
IntegratedManufacturing(CIM) data,asrequired

• Logistics& Maintenancesupportrequirements(whenthesupplierhasdesign

responsibilitythatis fundedby thecustomer,aTechnicalDataPackagefor re-procurement
maybe required.SeeSection11.0 - LogisticsSupportfor detailedcontents).

2.6.1 Conceptual Design

Conceptualdesignemphasizesestablishmentofpractical,verifiablerequirements,andthe
productarchitecture,includingfunctional andphysicalsubassemblypartitioning. Design
decisionsmadeduringconceptualdesigncanlock in ahighpercentageofaproduct’slife cycle

25

costs. Theconceptualdesignprocessesareconductedwith internalmembersofthecr0ss-
functionalteam. Conceptualdesignreviewsaredocumented,butarelessformal thansubsequent

designaudits.

Conceptualdesignsmayincludethefollowing elements.

• Feasibilitystudies(financial,product,orprocess)areconductedprior to thecontract
award,whenthesupplieris submittingtheirproposalandthegeneraldesignconceptis

detennined.

• Supplier’sdesigncapabilitydeterminedbasedon theirhistory,knowledge,experience,
resourcesfor technology,typeof designbeingconsidered,andComputer-AidedDesign
(CAD) andcomputer-aidedsimulationequipment.

• FunctionalBlockDiagram

• PartitioningHardwareandSoftware

• InterfaceDiagram

• TechnologyInsertionability to meetrequirementsandemergingtechnologiesthatwill
enhancefutureupgrades

• PartsandMaterialselectionincludes(a) preferredpartslists, (b) reductionofparts
obsolescencerisks, (c) determinationof partmaturity, (d) creationofdesignlibrariesfor
parts,failure reporting,customersatisfaction,etc..and (e) part’s suppliersupport

availability. SeeSection2.0 - PartsControlProgram-AttachmentA

• Reliability analysisandgoalsestablished

• Tradestudies

• Electricaldesign

• Performancesimulations

• DesignofExperiments:A designedexperimentcanimproveaproduct’sdesignorthe

manufacturingprocessesusedin development.Theexperimentsareusedto identify

25 Reliability Toolkit: CommercialPracticesEdition, Pg. 60 65%of life-cycle costs
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manufacturingprocessparametersor testtechniquesthat affectproductperformance,
producibility andreliability. A designof experimentsis aprincipalmethodfor determining
key characteristicsto reduceproductvariationandshouldbeusedto increasetheproduct
orprocesstolerances,therebyprovidinga greateryield. Productapplicationrequirements

analyzedby membersofthecross-functionalteamdeterminephysicalandenvironmental
factorsto be tested. A matrix is establishedto recordtheresultsofvaryingthetest
parameters.Analysisoftheseresultswill thenbeincorporatedinto thedesignorprocess

controls.

• Mechanicaldesignincluding3Dor solid modelingcapabilitieswhichreducesdesigncycle

time anddevelopmentcosts.

• Key characteristicsidentificationandtracking

• Productsupport,logistics, safety,maintainabilityissuesinclude(a) designsto facilitate

servicingandreducerepaircosts, (b) standardizationofpart’stechnology,and(c)
mechanicaldesignvs.manufacturingcapabilities.

• Testplansandproceduresdefinethemethodsfor testingandmeasurement,allowfor Built-
in Testwith automatictestequipmentandestablishacceptancecriteriafor product.

• Producibilityassessmentaccomplishedby (a) identificationby manufacturingof
manufacturingprocessparametersandcontrolsrequiredto maintainproductperformance
(b) Designfor ManufacturabilityandAssembly(DFM/A) studies,(c) designteam’s
experience,knowledge,history(lessonsleamed),andtechnicalresources,and(d) by the

facilitiescapacityfortechnologyadvances.SeeSection10.0 - ManufacturingSystems

2.6.2 Risk Identification and Mitigation

Identifyingpotentialrisksandestablishingrisk mitigationplansshouldbe doneduringtheentire

productlife cycle (design,production,test,support).Risksmaybebasedon technical
approaches,software,programinterfacesoravailability of processesorqualifiedpersonnel.

Risksarequantifiedin termsofcost,schedule,experienceor pastperformance.Risk assessment
andmitigationplans areusedto rationalizethesecostandscheduleimpacts.

Identifyrisks, level ofacceptabilityandoptionsoralternativesavailableto reducerisk, suchas:

• Risk avoidanceby removalof therequirement

• Riskcontrolby monitoringandusingmultiple approaches

• Riskassumptionby settingasidefunds,scheduleorperformancetolerances

• Identificationofparttypesthatmay not be availablewhenneeded

• Identificationof potentialsoftwareproblems

• Risk transfer by insurance,warranty or otherwise passing the repair or replacement
responsibilityto the suppliers.

20



2.6.3 Manufacturing Documentation

Thefinal designoutputconsistsof all drawings,specificationsandproceduresneededfor

manufacturingandor submissionto the customerareidentifiedwith assignedresponsibilityfor
completion.

2.7 DesignReviews

Designreviews,26anintegralpart ofsystemengineering,primarypurposeareto:

• Determinetechnicaladequacyof thedesignapproach

• Obtainauthorizationto proceedto the nextphase

• Identify andtakecorrectiveactionfor designinadequacies

• Identify potential risks that may ariseduring designand developmentand presentrisk
mitigationplans

• Ensurethat thedesignoutputsareproperlydocumented.

Designreviewsmaybe conductedor supportedby thedesignagentat variousstagesfrom

conceptthroughdesignorproductionvalidation. Designreviewsincludeevaluationsofall design
activities occurringsincethepreviousreviewandrequirements,reliability goals,simulations,
resultsDFMEA, DFMIA, DOE, testfailures,andtrackingof thedesignprogress.Design

reviewsbecomemoredetailedasthedesignevolves.

The ProgramControlPlans,contract,orotherappropriatedocumentwill documentthemutually
agreedlevelsof supplierandcustomerinvolvementincludingasspecified: DesignReviews,
DesignVerifications,ProductionValidationandareviewsofFinalFunctionaldata27. SeeSection
1.0 - OrganizationalInterfaces-CustomerParticipationPlan.

2.7.1 DesignReviewParticipation

Internaldesignreviewsshouldincludeappropriatemembers28ofthecross-functionalteamand
mayincludethecustomerandsub-tiersuppliersasnecessary.Most commercialcustomers

generallydo not wishto be involvedin designanddevelopmentprocess;29however,some
commercialordefensecustomersmayrequireparticipation,oratleastcommunicationand
approval,in the following designreviews.

26 ISO Q9001-1994par. 4.4.6 DesignReview
ISO Q9004-l-1994par. 8.4

27 ISO Q9001-1994par. 4.2.3f ... identificationof suitableverification at appropriatestages
28 ISO Q9001-1994par. 4.4.6 DesignReviews
29 BenchmarkingCommercialReliability Practices,RAC 1995 Pg. 18
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2.7.2 SystemRequirementsReview (SRR)

Definition: Systemrequirementsis an internalreviewduringthe initial designphasewhich
ensuresthatall membersofthecross-functionalteamhaveaclearunderstandingofthe
customer’srequirementsasstatedin thecontractandrelateddocumentation.This reviewdoes
notusuallyincludecustomer.Therequirementbelow is addedto includethecustomer
participation. TheQuality FunctionDeployment(par.2.5.2),which requirescustomer

involvement,maybeconductedin this revieworat a latertime.

The designagentshall plan and conduct a formal, documentedSystemRequirements
Review30including customer participation and appropriate personnelrepresentingthe
functions being reviewed and any other specializedfunctional personnel as required, and
as indicated in theProgram Control Plans.

CAUTION: Customerrepresentativeparticipationat thesupplier‘s SystemsRequirementReview
isNOTacommercialpracticeandmay increasetheproductcostsorprecludecontractingwith

commercialsuppliers. If this taskis mutuallyagreedupon, thereviewshouldbe clearlydefinedin
the contractor statementofobjectivesandin thesupplier‘sprogramcontrolplan.

2.7.3 Preliminary DesignReview (PDR)

A PDRis areviewoftheConceptualDesignresults. This reviewmayincludetop-levelblock
diagram,designpartitioning, capabilityassessments,interfacerequirements,preliminaryparts
list, technologiesto beused,anddevelopmentofplansfor simulation,reliability, maintainability,

logistics,andtestability.

TheConceptualDesignAudit is aninternalreviewby programmanagementandengineering
membersofthecross-functionalteamanddoesnotusuallyincludethecustomer.During the
initial engineeringvalidationsandfeasibility studies,thedesigncapabilitiesanddesignapproach
areevaluatedby theinternaldevelopmentteam. Therequirementbelowis addedto includethe
customerparticipation.

The designagentshall plan and conduct a formal, documentedPreliminary Design
Review including customerparticipation and appropriate personnelrepresenting the
functions being reviewed and any other specializedfunctional personnelas required, and
indicated in theProgram Control Plans.

CAUTION: Customerrepresentativeparticipationat thesupplier‘s PreliminaryDesignReviews
is NOTa commercialpracticewhenthesuppliercontrolsthe designoftheproduct. Customer

particz~ationat thePDRmay increasetheproductcostor mayprecludecontractingwith
commercialsuppliers. If this taskmutuallyagreedupon, the reviewshouldbe clearlydefinedin

30 ISO Q9004-1-1994par. 8.2 DesignPlanning& Objectives
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thecontractor statementofobjectivesandin thesupplier‘s programcontrolplan.

2.7.4 DesignVerification (DV)

A DesignVerification,3’ alsomaybe calledaCritical DesignReview(CDR), consistsof areview

ofthedetaileddesignresults,andadocumentreviewprocessto ensuredesigndocumented
outputs(drawingsandspecifications),meetthe input requirementsprior to drawingreleasefor
production. Whenthe supplieris funding theproductdevelopmentcustomerparticipationmay
notberequired. However,if thecustomeris funding theproductdesignanddevelopmentthey
areentitledto more involvementin thedesigndecisionsandacceptancecriteria. Thesupplier
shouldobtain,prior to beginningproduction,customerfeedbackwhentheydo not actively

participatein the CDR.

The designagent shall plan and conduct a formal, documentedDesignVerification
Review including customerparticipation and appropriate personnelrepresentingthe
functions being reviewed and any other specializedfunctional personnel as required, and
indicated in the Program Control Plans.

DesignVerification(DV) typically includesa review ofthefollowing.

• Internaldesignrules

• Comprehensiveproductcharacterization

• Sub-assemblydefinition

• Drawingtrees

• Capability assessments

• Alternativecalculations

• Tradestudiesresults

• Materialdefinition

• Partslists

• Comparisonswith existingdesignsorothercompetitiveproducts

• Testanddemonstrations

• Producibilityassessments

• Independentverification

• Supportengineeringrequirements

31 ISO Q9001-1994par. 4.4.7 DesignVerification

ISO Q9004-I-1994 par. 8.4.3 DesignVerification
TRW Automotive- SupplierDevelopmentManual - New PartLaunchPg. 111-21,par. 2
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• Qualificationtestingconsistingevaluationofperformance,durability, safety, reliability and

maintainabilityunderstorageandoperatingconditions

• FunctionalConfigurationAudits (FCA) consisting of an examinationof pre-production
unitsandtestanalysisto verify that all designfeaturesconformto defineduserneedsand
thatthedesignis capableofbeingproduced(theFCA may also includereviewof drawings
that are deliverable to the customer,for compliancewith customerdrawing format and
contentrequirements.SeeSection4.0 - ConfigurationManagement)

2.7.5 Production ReadinessReview (PRR)

A PRRis conductedprior to production,to answerthe question“Is everythingready?”and

consistsofareviewofthereleaseddesignbaselinedocumentationpreparedfor product
developmentandacceptance.ThePRRmayinclude: performancesimulations,reviewof

releaseddrawingsandspecifications,testprocedures,acceptancecriteria,anda demonstrationof
producibility. Thecustomeris likely to participatein this reviewto ensurethattheir
performancerequirementsaremetandthattheproductionprocessesandprogramschedulesmeet
theirneeds.Thedesignagentmaybe requiredby thecustomerto supportthis review.

2.7.6 Production Validation (PV)

ProductionValidation32is conductedby themanufacturerto ensurethatthehardwareproduced

is in accordancewith releaseddesigndocumentationandwill satisfycustomerrequirements.The
cross-functionalteam,including thedesign,manufacturing,andcustomer33representatives,
performtheProductValidation34to ensurethattheproductiontoolingandprocessesare

producingacceptableproducts.Thisreviewis conductedon thefirst lot ofhardwareproduced
with productiontools andprocessestestedunderdefinedenvironmentaloperatingconditions.35
This processin defensecontractingis referredto as“PhysicalConfigurationAudit (PCA)”.

2.7.7 DesignReview Documentation and Certification

Recordsof all designreviewswill be maintainedincludingactionitems,pointsof contact,aswell
asidentifieddeficienciesandcorrectiveactionsidentified.

SeeSection4.0 - ConfigurationManagement- Attachmentfor samplecertificationdocument.

2.8 DesignReviewTerminology

Table1. DesignReviewTerminologyrelatestermsusedfor differentreviewsconductedduring
productdevelopmentandtypical customerparticipationpoints. The life Cycleor Configuration
Baselinecolumnbeginsat productconceptandcontinuesto thefirst productionunit. TheDual-

32 ISO Q9001-1994 par. 4.4.8 DesignValidation

ISO Q9004-l-1994 par. 8.5 DesignQualificationandValidation
Q59000 Quality SystemRequirements(Automotive)Pg. 59 Chrysler-specificrequirements

~ ProductionPartApprovalProcess,AIAG, Pg. 1
~ AdvancedProductQuality Planning, AIAG, Pg. 26 par. 4.5
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Usecolumnindicatesterminologythat is usedin this manual. Defensetermsweretakenfrom
MIL-STD- 1521 (canceledApril 10, 1995)andMIL-STD-973. Commercialterminologymakes
useoftermsusedin thecommercialautomotiveindustry.

Life Cycle or Product DUAL-USE
Requirements

Defense Terms~ Comm’l Terminology
& SeauencePhase Mil-Std-973

ONCEPT
• Requirement

Baseline
established

System Requirements
Review (SRR)

• Supplier IPT ONLY
Understanding

customer reqmts

SYSTEM
REQUIREMENTS
REVIEW (SRR)

Review may be
customer only or may
include_supplier.

PRELIMINARY DESIGN
REVIEW (PDR)

• design progress
• technical adequacy
• technical risk
• interface compatibility

Analytical Design
ReviewSpecification
Review

Contract Review
Conceptual Design

PDR
• Concept Design

Audit
• OK- to begin Detail

Design
• ISO 4.4.6

PRELIMINARY
DESIGN REVIEW
(PDR)

• Supplier IPT ONLY

PRELIMINARY DESIGN
REVIEW• Initial
sample submitted

• Engr Design Review
• Design Verification DV

DVICDR
• Detail Design Audit

- pre Fab
• Design Baseline

established
• Functional

Configuration Audit
(FCA)

(DV) DESIGN
VERIFICATION

• Supplier IPT
with CUSTOMER

FCA review design
dwgs ~ reqmts
Section 4.0

CRITICAL DESIGN
REVIEW

• meet customer
reqmts

• design compatibility
• risk areas
• producibility
• documentation

CRITICAL DESIGN
REVIEW with
CUSTOMER
feedback

Engineering
Release Authorization

• FCA (If customer
owned design)

Pre-Manufacture
• Production

Baseline
established

• ISO 4.4.8

(PRR) PRODUCTION
READINESS
REVIEW

• Supplier IPT
with CUSTOMER

Production Readiness
Review

• FCA
• PCA
• Formal Qualification

Review (wI FCA)

Manufacturing
Readiness Review•

CUSTOMER
Launch Readiness
Review

First Production Units
• Physical

Configuration Audit
(PCA)

• First Article

(PV) PRODUCTION
VALIDATION

• Supplier IPT
with CUSTOMER

• PCA “As Built”
conforms to
released technical
docs

see above for PCA PRODUCTION
VALIDATION (PV)

• PCA
• with possible

CUSTOMER VISIT

Table 1. DesignReviewTerminology

36 SystemsEngineeringManagementGuide,DefenseSystemsManagementCollege,Draft 5/96, Pg. 13-3

ReferencesMLL-STD-1521B (nowcanceled)
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2.9 DesignChangesand Continuous Design Improvements

Thedesignprocessis nevercomplete;customerneedscontinually evolveandall productscanbe

refinedto providecurrentor futurecustomerswith amorecompetitiveproductby reducing
productcostsorby increasingproductperformanceorquality, orby offeringnewor improved
products.Feedbackfrom production,testing,or themarketplace(customers)providesvaluable
informationto thedesignengineers.This informationshouldbe collected,monitored,analyzed
andmadeavailableto designers.37

2.9.1 DesignChanges

All Class1, form, fit, function,interface,designchanges38requiredocumentationandwritten
customerapprovalorwaiverof suchapproval,prior to production.Section4.0 - Configuration
Managementprovidesamorecompletedescriptionandrequirementsfor changecontrolrelating
to design.

For proprietarydesigns,impacton form, fit, function,performanceand/ordurability shouldbe
determinedwith thecustomersothatall effectscanbeproperlyevaluated.Customer
involvementwith the decisionto incorporatedesignchangespromotes:

• Fundingfor addedperformancecapabilities,

• Identificationofpotential interfaceaffects,and

• Informedconsentto incorporateproposedchangesimpacting systemperformance.

2.9.2 Continuous Improvement techniques

Typical techniquesfor continuousimprovementmayinclude(a) Capability indices(Cp, Cpk),
(b) Designof Experiments,(c) Costofquality, (d) Partspermillion analysis,(e) Valueanalysis,

and(f) Brainstorming.

~ ISO Q9004-l-1994 par. 7.3 Customerfeedback

38 ISO Q9001-1994par. 4.4.9 DesignChanges

ISO Q9004-l-1994par. 8.8 DesignChangeControl
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Attachment A: Operational Requirements Matrix (ORM)

Customer instructions

Thecustomershouldusethe ORM to determinetherequirementsbasedon thetype ofproduct,

productcomplexity,andtheproduct’scriticality to theirsystemor program.The candidate
operationalrequirementsapplicableto a specificcontractareindicatedin theOperational
RequirementsMatrix “A-B-C-D” columns.TheBusinessPractices39Manualcontainsthedetails
andbackgroundfor eachrequirementandshouldbeprovidedto suppliers.Thesupplier’s
operationalrequirementsshouldbedeterminedasearlyaspossibleprior to contractaward,
preferablyduring theproposalor supplierselectionphase.

Therequirementsmatrixshouldbeusedto establishabaselinefor theprocurementasdetermined
by the productcomplexity,criticality to theproject,andby the supplierspreviousexperience.
Any requirementthat is not neededfor theproductor applicationshouldnot bechecked.The
requirementsshouldbe tailoredbasedon thesupplier’sstatus:

ColumnA SUPPLIER PROPRIETARY or CATALOG ITEMS or COMMERCIAL
PRODUCTS - Does not usually requireadditional controls; all requirements
checkedareBASIC ISO9001

ColumnB EXISTING SUPPLIER (Build-to-Print) w/ goodQuality & Deliveryhistory

ColumnC NEW SUPPLIERS (Build-to-Print) or marginalperformancehistory

ColumnD Supplierswith DESIGN ONLY RESPONSIBILITY

Thismatrix shouldbe requestedfrom establishedsuppliersevery 1-3 years,dependentupon
pastperformance,to allow revalidationofsuppliers.

Checkmarksin specificcellsindicaterecommendationsoftheIBP 1STteam.

Supplier instructions

WhenanOperationalRequirementsMatrix cell is MARKED, thesuppliershouldreferto the

BusinessPracticesManualto understandthe requirementin detail.Thesuppliershouldreply to
theORM by referencingtheirprocedurewhich satisfiestherequirement.

ThecompletedORM mayindicatethat all operationalrequirementsareadequatelyaddressedby
existingproceduresandprocesses.In this case,theORM anda signedcertification,in the

RecommendBusinessPracticesManualbe availablevia theInternet,or by accessinga customer’shomepage.

27



supplier’sformat,indicatingthatall requirementsaremet andthatno additionaldocumentation
will besubmittedfor customerreview.

Program Control Plan

In theeventthat the supplierselfevaluationor asubsequentcustomerreviewdeterminesthat

requirementsarenot adequatelyaddressed,a ProgramControlPlanwill be requestedby the
customer.TheProgramControlPlanaddressessuppliershortfalls.

Operational RequirementsMatrix Legend

A = Proprietary,Catalog,or Commercialproducts

B = Existing supplierw/goodhistory(Build-to-print)

C = New Supplierormarginalhistory (Build-to-print)

D = DesignAgentonly (If samesupplieris usedfor Design& Fab,use2
columns)

BPM = BusinessPracticesManualparagraphnumbers.

-‘.1 = Recommendedbaselinedeterminedby customer

X = Applicableto this requirement,astailoredby thecustomer

Note: Footnotesin Tablebelowreferencethe“additional sources”that influenced
eachrequirement.

A B C D Source or
ISO Par.

BPM
Par. No

REQUIREMENTS
Supplier shall document, maintain,
describe, provide or demonstrate:

Supplier
Procedure &
Paragraph

V -1

—

—

—

—

~I

—

—

—

—

‘~ -1 Q9001-1
Par. 4.1

1.0 MANAGEMENT

‘~I ~I Q9001-1
Par. 4.1.2
Par. 4.4.3

1.1 CROSS-FUNCTIONALTEAMlORG
CHARTS

3. ~J4 Q9001-1
Par. 4.2.3
Note 8

1.2 OPERATIONAL REQUIREMENTS
MATRIX customer requirements vs.
supplier procedures Completed ORM
satisfies requirement

4 ‘~I Q9001 -1
Par. 4.2.3

1.3 PROGRAM CONTROL PLAN

5. 4 ‘~ Q9004-1
Par. 8.2.3

1.3.1 SCHEDULE OF KEY PROJECT
EVENTS

Schedule or table format preferred.
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A B C D Source or
ISO Par.

BPM
Par. No

REQUIREMENTS
Supplier shall document, maintain,
describe, provide or demonstrate:

Supplier
Procedure &
Paragraph

~44 Q9001-1
Par. 4.4.6
Par. 4.4.8
Par. 4.4.9
Par.
4.6.4.2
Par. 4.13.2
Par. 4.16

1.3.2 CUSTOMER PARTICIPATION PLAN

7.

—

~4Q9001-1
Par. 4.4

2.0 DESIGN CONTROL

8. 4 2.3 Design and Development Procedures
and Planning

9.
.4

Q9001-1
Par. 4.4.2
Par. 4.4.6

2.7.2 System Requirements Review (SRR)

10
.4

Q9001-1
Par. 4.4.2
Par. 4.4.6

2.7.3 Preliminary Design Review (PDR)

11 — ~l Q9001-1
Par. 4.4.2
Par. 4.4.6

Best Pract.40

2.7.4 DESIGN VERIFICATION (DV)

12 4 4 Best Pract.41 3.0 PARTS CONTROL PROGRAM

13 -4 4 ~I -4 Best Pract. 3.1 PARTS CONTROL PROGRAM AND
PLANNING

14 .4 ~44 .4 Best Pract. 3.4 Customer Notification of Product
Changes

15 .4 ‘1 -4 4 Q9001-1
Par. 4.5

Best Pract.
43

4.0 CONFIGURATION MANAGEMENT

16 4 4 4 4 Q9001-1

Best Pract.44

4.1 Configuration Management

Procedures and Planning

40

TRW Automotive SupplierDevelopmentManual- NewPart Launch par. 2 pg.111-21
Boeing CommercialAvionics Systems- PartsControlProgram(BD&SG-CAS) D900-10193-l
Ref.MIL-HDBK-965 (9/26/96)AcquisitionPracticefor PartsManagement

42 QS-9000Quality SystemRequirements,SectionII pg. 52, ProductionPartApproval Process
~ ISO 10007:1995-04-ISpar. 5.3, 7.4, 7.7 ConfigurationControl

ISO 10007:1995-04-15par. 5.3, 7.4, 7.7 ConfigurationControl
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A B C D Source or
ISO Par.

BPM
Par. No

REQUIREMENTS
Supplier shall document, maintain,
describe, provide or demonstrate:

Supplier
Procedure &
Paragraph

17

—

—

—

—

—

—

~4 Q9001 -1
Par. 4.6.2
b)
NatI Std43

4.2 SUBCONTRACTOR CONFIGURATION
CONTROL

18 —

—
—
—

‘4 Q9001-1
Par. 4.5.3
NatI Std43

4.3 CONFIGURATION CONTROL BOARD

19

—

—

-4 NatI Stdi’ 4.4 INTERFACE MANAGEMENT

0 -4 NatI Std43 4.7 PART NUMBER CONTROLS

I ~JNatI Std43 4.8 CONFIGURATION
BASELINEIMANAGEMENT

2 4 4 -4 Q9001-1
Par. 4.5.3
NatI 5td50

4.9 CONFIGURATION CHANGE
MANAGEMENT

3 -4 -4 -4 Q9001-1
Par. 4.5.351
NatI Std

4.9.1 MAJOR ENGINEERING CHANGES

4 — .4 4 NatI Std~ 4.10 REQUEST FOR VARIANCE

5 -4 -4 NatI Std~ 4.11 CONFIGURATION STATUS
ACCOUNTING

6 —

—

—

—

4 -4
—

NatI Std~ 4.12 DISASTER RECOVERY PLAN

7 4 Q9001-1
Par. 4.8

4.13 PRODUCTSERIALIZATION

8 — 4 NatI Std~ 4.14 AS BUILT CONFIGURATION REPORT

9 -4 Q9004-1
Par. 8.5.3
NatI Std~

4.15.1 FUNCTIONALCONFIGURATIONAUDIT

EIA STANDARD 1S649-95 par. 5.1.6 NationalConsensusStandardfor ConfigurationManagement
“... whenthereis a rationalneed...asappropriateto theproductbeing acquired.”

46 ISO 10007:1995-04-15par. 3.4, 7.3 ConfigurationBoard
ISO 10007:1995-04-15 par. 7.2.1, 7.4.2 “... evaluationof changes...‘
ISO 10007:1995-04-15 par. 5.2.3 & 7.2.3
EIA STANDARD IS-649-95 par. 5.2.3.d ProductIdentification
ISO 10007:1995-04-15par. 3.3, 5.2.4 & 7.2.4

50 ISO 10007:1995-04-15par. 7.4
SI EIA STANDARD IS-649-95 par. 5.3(b)ChangeManagement;par. 5.3.1.2(a)Major

ISO 10007:1995-04-15par. 7.4
52 ISO 10007:1995-04-15par. 7.3, 7.5.2

EIA STANDARD IS-649-95 par. 5.3.4
~ ISO 10007:1995-04-15par. 7.5.3 CSA Reporting

EIA STANDARD IS-649-95, par.5.4
~ ISO 10007:1995-04-15par.5.3 ConfigurationControl - disasterrecovery

ISO 10007:1995-04-15par. 7.6 Configurationauditprocedureas-built/produced
EIA STANDARD 15-649-95. par. 5.5 Figure 12
MIL-STD-973 (4/17/92)ConfigurationManagement(Military Standard)App. H Task501

56 ISO 10007:1995-04-15par. 7.6 ConfigurationAudit Procedures
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A B C D Source or
ISO Par.

BPM
Par. No

REQUIREMENTS
Supplier shall document, maintain,
describe, provide or demonstrate:

Supplier
Procedure &
Paragraph

30 ~j ~J NatI Std~ 4.15.2 PHYSICAL CONFIGURATION AUDIT

31 ‘4 4 -4 -4 Q9001-1
Par. 4.2

5.0 QUALITY SYSTEM

32 .4.4 4 —4

33 4 —

34 4 —

Q9001-1
Par. 4.17

5.4 QUALITY SYSTEM DOCUMENTATION

Mil .5.2 INITIAL LOT VALIDATION

Q9001-1

Par. 4.10.

.5.3 IN-PROCESS INSPECTION

35 ‘/ Q9001-1
Par. 4.10..

FINAL INSPECTION

36 4 —

37-4-4-4~

Q9001-1
Par. 4.10.

CUSTOMER WITNESS OF FINAL
INSPECTIONS

Q9001-1
Par. 4.12

INSPECTION &TESTSTATUS

38 ‘4 -4 -4 — Q9001-1
Par. 4.13
Par. 4.13.2

5.6 NONCONFORMING PRODUCT
DETERMINATION AUTHORITY

39 .4 4 4 Q9001-1
Par. 4.16

5.7.1 RECORD RETENTION

0 -4

— -4 4 ~4

Q9004-1
Par. 5.6

5.8 CONTINUOUS IMPROVEMENT
PROGRAM

Q9004-1
Par. 6.2.2
a)

5.9 COST-OF-QUALITY

2 4 4 Q9001-1 6.0 SUPPLIER SELECTION

3.4 ‘4 4 -4 Par. 4.6.2

Best Pract.
58

6.1 POLICIES, PROCEDURES AND

PLANNING

4 -4 ~/ 4~1 Q9001-1
Par. 4.6.2c

6.4 SUPPLIER PERFORMANCE RATING
SYSTEM

5 4 4 4 — Q9001-1 7.0 PROCUREMENT CONTROLS.

6 -‘4 ~I ‘1~I Par. 4.6
Par. 4.6.3

7.1 PROCUREMENT PROCEDURES

7 4 4 4 ~/ Q9001-1
Par. 4.1.3
Par. 4.17

7.4 PROCUREMENT SYSTEM
EVALUATIONS

ISO 10007:1995-04-15par. 7.6 NewPartLaunch par.5 pg.111-22
TRW AEN AutomotiveSupplierDevelopmentManual,9/96 pg.111-2
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A B C D Source or
ISO Par.

BPM
Par. No

REQUIREMENTS
Supplier shall document, maintain,
describe, provide or demonstrate:

Supplier
Procedure &
Paragraph

8 -44 -4 Q9001-1

Par. 4.7

8.0 CUSTOMER PROPERTY CONTROLS

9 ..4.4. MIL58 8.1 CUSTOMER PROPERTY POLICIES,
PROCEDURES AND CONTROL PLAN

50 -4 4 Q9001-1
Par. 4.7
Par. 4.15.5

8.3 CUSTOMER PROPERTY
IDENTIFICATION, CARE AND
REPORTING

51 -4-4-4 MIL58 8.4 DISPOSAL OF CUSTOMER
PROPERTY

52 -4-~I -4 Q9001-1
Par. 4.15
Par. 4.15.1
Par. 4.15.4

9.0 HANDLING, STORAGE, PACKAGING &
DELIVERY

53 9.1 HANDLING AND PACKAGING
POLICIES, PROCEDURES

54 -1-4 4-1 9.2 PACKAGING

55 -44 Q9001-1
Par. 4.15.4
MI

9.3 BAR CODING

56 -4.4 4~I Q9001-1
Par. 4.15.5

9.4 HANDLING, PRESENTATION AND
PROTECTION

57 -4 Q9001-1
Par. 4.9

10.0 PRODUCTION PROCESS CONTROLS

58 10.1.1 MANUFACTURING PLANNING

59 ‘4 Q9001-1
Par. 4.9e
Par. 4.11

10.1.2 APPROVAL OF MANUFACTURING
OR ASSEMBLY PROCESS

0 -4 -4 Q9001-1
Par. 4.9d
Par. 4.10

10.1.5 PROCESS CAPABILITY STUDY

1 -4 MIL 10.2.1 REPORTING PROCESS CONTROLS
AND IMPROVEMENTS

2 ~I Best Pract. 10.3 DEMONSTRATION OF OPERATIONAL
CONTROLS

FAR52.245GovernmentProperty(Fixed-PriceContracts)
60

FAR 52.245-2(i) Final Accountinganddisposition...
FAR45.6 Reporting,Redistribution,andDisposalof ContractorInventory

61 MIL-STD-2073 (10/96)DoD StandardPracticefor Military PackagingPar.4.1.1;

MIL-STD-130(6/1/97) IdentificationMarking ofUSMilitary Property(StandardPractice)
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A B C D Source or
ISO Par.

BPM
Par. No

REQUIREMENTS
Supplier shall document, maintain,
describe, provide or demonstrate:

Supplier
Procedure &
Paragraph

3 -4 4 Best Pract. 0.4.1 VARIABILITY REDUCTION
INSTRUCTIONS

4 ~I -4 -4 -4 Q9004-1 11.0 PRODUCT SUPPORT AND LOGISTICS

5 4 4 4 -4 Par. 16.4.3
Par. 16.4.4

Best Pract.
62

11.2 PRODUCTSUPPORTPLAN

6 ~IMIL62 11.3 TRANSFERRABLE TECHNICAL DATA

PACKAGE

7 ‘4 Best Pract. 12.0 Reliability

8 ~j

—-4

Best Pract. 12.8 RELIABILITY PROGRAM

9 Q9004-1
Par. 16.5
Par. 16.6

12.9 FAILURE REPORTING

62 Ref. MIL-HDBK-502, 5/30/97
63 MIL-DTh-3 1000 TechnicalDataPackage,6/9/97
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TRW Automotive Electronics
Program: DATE

Industrial BasePilot PROGRAM CONTROL PLAN 5/26/9911:59 AM

PROGRAM CONTROL PLAN

IBP/MPCL PROGRAM
(Example)

Using BusinessPracticesManual
and Operational RequirementsMatrix

Date: 21 April 1998 Rev: Original

Prepared By:
J. Ronald McDonald

Certificationthat all customerrequirementsarecompliedwith asdescribedin ourinternal
proceduresandthis document:

Date
TRW AEN Program Manager, Len Groth

TRW AEN Quality Assurance, Fran Pepper

Customer Acceptance:

TRW ASD IBP Program Manager, Chuck Ebeling
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TRW Automotive Electronics

CHANGE CONTROL
REVISION

_______

DATE AUTHORIZATION REVISION/CHANGE PAGES
DESCRIPTION AFFECTED

Original 4/21/98 J. R. McDonald Incorporateinput ALL
from AEN

REFERENCE DOCUMENTS

IBP Military Productsfrom CommercialLines,BusinessPracticesManual

ISOQ9002-1994;Quality ProgramRequirements

ThTTRODUCTION

ThisProgramControlPlanis designedto comply with the intent ofcustomerrequirementsas

statedin thecontract,in theBusinessPracticesManualPar. L4, and in ISO Q9001-1994Par.
4.2.3.

TRW AEN hasreceived(1/5/97)the3rdpartyQS-9000certification.
QS-9000is theAutomotiveIndustryAssociation’sadaptationof ISO-9000Quality System
requirements.TRW AEN systemsarecompliantwith QS-9000andarethereforecompliant
with ISO Q9001-1994.

NOTE: TRWASDactionsandresponsibilitiesareshownin BLUE ITALIC formatfor
clarification ofprogramcontinuity only.
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TRW Automotive Electronics
Program: DATE

Industrial BasePilot PROGRAM CONTROL PLAN 5/26/99 11:59 AM

1. ORGANIZATIONAL & TECHNICAL INTERFACES
Ref. BusinessPracticesManual Par.1.2

Ref. ISO Q9001-1994Par.4.1.2

1.1 IBP Program ManagementOrganization

IBP hasestablisheda multi-functionalIntegratedProductTeamincluding:
WrightLaboratory/ManufacturingTechnology(WL/MT)

TRWAvionics SystemsDivision (ASD)

TRWAutomotiveElectronicsNorthAmerica(AEN).

Ref. AEN SPI 160 CDP Pg.1-9-12

1.2 IBP IPT Organization

Contracts

. VanDuker, D.,ASD

Subcontracts
I . Eichner, A.,ASD

I
I

• Adams, R.,TRW ASD
• Bergantz,BGenJ., ComanchePMO
• Browning, C., WL/MT
• Gab, T., LMAS
• Harrison, D., ComanchePMO
• Muckley, R.,TRW AEN
• Mushala,BGen M., ASCIYF
• Ogg,1., ASCIYF
• Richey,M, Comanche
• Utendorf, D, WL/PK
• Walters, M., LMTAS
• Wise, C., LMTAS

Program

I I
• Blanchette,B., JSF
• Broadwell, M., LMAS
• Gibler, B., ASC/YFAA
• Harman, C., TRW ASD
• Hayer, LtCol C., IASO DCMC
. Isaacs,R.,RAH-66JPO
• Knight, G., Boeing
• Martin, L., LMTAS
• Russell,E., Comanche
• Shue,R., LMTAS

IPT !,itegration andTransferableResults

BusinessPolicies

IMcDonald,R.

Process
Technology

IR.M.M. R.E.M.Groth, L. Myers,M.

Program Control
• O’Brien, C., ASD
• Wright, S.,AEN

Administrative
• Sibley,J., ASDI

Figure 3. IBP Program Organization
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TRW Automotive Electronics
Program: DATEI

I Industrial BasePilot PROGRAM CONTROL PLAN 5/26/99 11:59 AM

1.3 Program Contactsat TRW AEN

Name Program Function Telephone/FAX

Len Groth IBPAEN Manager 217-826-3011
ext. 2455

FranPepper Quality Manager ext.2341

JudyStone EngineeringServicesMgr. ext. 2324

JohnVan Sandt Quality Engineer ext. 2345

Ron Hill ProductEngineer ext.2250

Allen Kerr ProcessEngineer ext.2426

Table 3. TRW AEN Contacts

1.3.1 Program Manager

TRWAEN hasappointedLen Grothasprogrammanagerfor day-to-daydecisionsandinterface
with TRWAEN atMarshall, IL andFarmingtonHills, MI andfor interfacewith theIBP/MPCL
IntegratedSupportTeams. ThismanagerreportsRusty Burrell, ManagerManufacturing
Engineering,MarshallIL. Operations.

1.3.2 Quality Engineer

A Quality Engineer,JohnVanSandthasbeassignedto theprogramto assurethat quality tasks
areadequatelydefinedandimplemented.Hewill controlthequality assuranceprogramwithout
regardfor organization’sboundaryby monitoringtheoverall quality effortandby making

periodicreportsto ProgramManagement.

2. PROGRAM CONTROL PLAN

Ref. BusinessPracticesManual Par. 1.4

Ref. ISO Q9001-1994Par.4.2.3 Quality Planning

TRWASDactionsandresponsibilitiesarenotesshownin BLUE ITALIC formatfor
cla4fication ofprogramcontinuity only.

A reviewofcontract(AEN OP4.3.1)andQuality FunctionDeployment(QFD)wascompleted
in October1994. TheOperationalRequirementsMatrix wassubsequentlycompletedin

November1996by across-functionalteam,to identify requirementsregardingall contractphases
i.e., design,manufacture,inspection,test,delivery.

This ProgramControlPlan(AEN OP 4.2.3)describestheprocessesthatwill beusedto satisfy
thecustomerrequirementsthatarecurrentlyoutsideoftheQ59000-certifiedTRW AEN internal
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TRW Automotive Electronics
Program: DATE

Industrial BasePilot PROGRAM CONTROL PLAN 5/26/9911:59 AM

policies,proceduresandprocesses.

3. SCHEDULE OF KEY PROGRAM EVENTS
Ref. BusinessPracticesManual Par.1.4.1
Instructions: Keyprogram eventsare maintainedandprovidedto thecustomer.

Ref. SPI 160 CDP par. 1.2.7

ACTIVITY SCHEDULE DATE
DesignReviews ASD On-goingto 3/97 Completed

DesignVerifications ASD FCA = 2/3,’98 @ ASD

ConfigurationAudits FCA = 2/3/98@ ASD
PCA= 4/98 @ AEN-Marshall,IL.

Trial Run or Proto-type 1/97thru 3/98 (DV) Completed

ProgramControlPlan 3/11/98 Completed

Production Validation PCA = 4/98@ AEN, Marshall (PV)

ProductDelivery 75 ea.PNP8/98; 41 ea. FEC 8/98

Qualification Testing ASD 6/98 (F22SoF)After IBP POST-IBP

Acceptancetesting ASD 6/98 POST-IBP

CustomerandmembersoftheIPTswill beadvisedofsignificantchangesin theschedulesduring
theQuarterlySelf-assessmentmeetings.

4. CUSTOMER PARTICIPATION PLAN
Ref BusinessPracticesManual Par.1.4.2

TRW AEN usestheconcurrentdevelopmentprocess(CDP, SPI 160)to measureprogressand
makeadjustmentsto productintroductionschedules.We will usethis systemfor IBP asit
relatesto manufacturing,customerinvolvementandrecommendthecustomerparticipationwould
takeplaceattheEnd-of-phaseExit Reviews.

PhaseExit Review (PCA) Attendee:
1. Customer(Air ForceRep) TBD
2. IBPProgramMgr. (ManTech) M. Kinsella

* Contractuallyrequiredfor IEP customerto witness15 minutechange-over.

3. IBPProgramMgr. (TRW ASD) C. Ebeling

4. IBPProgramMgr. (TRW AEN) L. Groth
5. PT TeamLeader M. Myers

6. PT RMM M. Myers

(includesLockheed& BoeingPT representatives)

7. MI TeamLeader R. Hovsapian

8. BP TeamLeader R. McDonald
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Dueto thenatureofIBPprogram,severaldemonstrationsmaybe requiredthatarenotnormally
donein commercialindustry. Additionalparticipantsbeyondthenormalcustomer/supplier
relationship(ASD/AEN)maybe invitedfor reviews. Thecustomerrepresentativesmayinclude:

• IBPProgramManagerfor TRWASD

• IBPProgramManagerfor WL/MT

• IBP ProcessTechnologyTeamManager

• IBP ProgramManagerfor TRWAEN

• TRWASDConfigurationManagementManager
• USAFF22SystemProgramOffice

• LockheedMartinAerospaceSystem

• LockheedMartin TacticalAircraft System

• Boeing/SikorskyRAH-66JPO

Customermay conduct,witness,ormonitor inspectionsor testsrequiredto substantiateproduct
conformanceto Engineeringdrawings,specifications,andcontractrequirementsat TRW AEN
facilitieswhensuchactivity doesnot disruptthemanufacturingprocessflows.

5. DESIGNREVIEWS

Ref BusinessPracticesManual Par.2.0

IBPdesignsarebeingcreatedat TRWASD,with themanufacturingsupportofTRW AEN.
Designreviewsare theresponsibilityofTRWASDandwill be supportedasnecessary(DV,
MRR, PV) by TRW AEN. TheseDesignReviewsareconductedby theIntegratedProduct
DevelopmentTeam(IPDT) ona 4-6weekbasiswith theDesignVerificationscheduledfor
February3, 1998in SanDiego.

5.1 CustomerVer~/ication (CDR)

Ref BusinessPracticesManual Par. 2.9.4

CDRwasconductedin Marshall, IL. in March 1996andincludedseveralTechnicalInterchange
Meetingsduring theevolutionofthedesign.

5.2 CustomerVerification (PV)

Ref BusinessPracticesManual Par.4.16.3,5.6.1.2

ManufacturingReadinessReviewincludingPhysicalConfigurationAudit will be conductedby
AEN andASD PT membersin Marshall,IL in March 1998. Tasksto be completed:

- Reviewoffirst lot ofproductionvalidationhardware(5.6.1.2)
Hardwareis producedin accordancewith releaseddesigndocumentation

(PhysicalConfigurationAudit) (4.16.3)
Customerrequirementsare satisfied

— 15 minuteproductionline changeoverto be demonstrated

40



TRW Automotive Electronics
Program: DATE

Industrial BasePilot PROGRAM CONTROL PLAN 5/26/99 11:59 AM

- 75 ea.PNP Modules

- 41 ea. FEC Modules

6. REVIEW AND AUTHORIZATION OF CHANGES
Ref. BusinessPracticesManual Par.4.4, 4.10,4.10.1

Thechangecontrolsystem(AEN SPI 160, CM 4.5.2-1andCM 4.5.3)providesfor
documentation,approval,implementation,andverificationofchangeson technicalandhardware
documents,andchangeswhichrequireestablishedpointsofeffectivity.

ConfigurationManagementproceduresassurethatcurrentdrawings,specifications,andchanges
areforwardedto operatingpersonnelastheyarereleased.

AEN OperatingProceduresManualSectionII OP 1.01 Par.6.4 - Engineeringsupportnotifies
thecustomerwhenpartnumber,engineeringchangelevel, manufacturinglocation,material
subcontractorandproductionprocessenvironmentarechanged.A determinationis madewith
thecustomerasto whetherthe item needsto bere-qualified. Engineeringdrawingsand
documentsandchangestheretoarepreparedandcontrolledin accordancewith Configuration
ManagementProcedures.

Ref. BusinessPracticesManual Par.4.4 ChangeControlBoard(CCB)
TRW AEN usesa cross-functionalteamaccordingto CM 4.5.3-2configurationchanges.This
teamconsists,asrequired,of Quality Engineering,ManufacturingEngineering,andDesign
Engineeringwhoareresponsibleforreviewingtechnicaldocuments;i.e., Specificationor Source
ControlDrawings,testprocedures,drawings,fabrication,andplanningdocumentsfor compliance
to designandquality requirements.AEN DCN form F0102hascustomerinterfacerequirement
andauthorization. Customerapprovalis theresponsibilityoftheMarshallP.E.MorFHMI.
P.D.M.
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DocumentApproval COMPONENTS ASSEMBLIES& DETAILS
TRW ASD AEN ASD AEN
P.N. X X Module P.N.

all others (HighestLevel)
CM Control X X

Drax~By X X
Quality X X

Engineering X X

Check X X
Manufacturing X X

IPT Lead X

Note: ReviewandauthorizationofVariancesis addressedbelow in #0 11. Control of
NonconformingProducts.

7. MATERIAL ACQUISITION AND INSPECTION

Ref BusinessPracticesManual Par.8.3

Materialpurchasedby TRWAEN (perOP 4.6.1,SPI 450)shallbeshippedto Marshall, IL and
receivedandinspectedperAEN’s establishedprocedures(per OP4.10.1).

TRWASDmaterialshall bepurchasedon apurchaseorder witha Q-1 Quality clause(countand
damageat receiving)andshall be receivedagainsttheappropriatepurchaseorderline item.
Thesepartsshall beprocessedthroughreceivinginspectionandstoredin thecontractstores
area. Material shallbe issuedto IBP manufacturingrepresentativesusinga ContractMaterial
Requisition(CMR). TRW AEN mayrequestthat, for trackingpurposes,suchmaterialtransfer
to usby meansof ano valuePurchaseOrderissuedby TRW AEN to TRWASD.

Materialmaybedrop-shippedto TRW AEN andreceivedperTRW AEN’s procedureswith
notice ofreceiptsentto TRW ASD’s IBP MaterialPlanner.

8. MODULE HANDLING & MARKING
Ref BusinessPracticesManual Par.4.14,5.8, 9.3

Modulesreceivedfrom TRW AEN will bebar codemarkedpertheassemblydrawingincluding,
partnumber,revisionletterandserialnumber.

Thesemoduleswill beprocessedat TRWASDundera notereceiver,will not require receiving
inspection,andwill be issuedto themanufacturingrepresentative.TheASDmanufacturing
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representativewill documentall operations,includingreworkandtestingperformedon the
module. Thisdocumentationwill beprimarily performedusingthe local extension(in SanDiego)
oftheTRW AEN ComputerIntegratedManufacturing(CIM) System.

PYmoduleAcceptanceTestProcedure(ATP) andEnvironmentalStressScreening(ESS)will be
documentedwith theappropriateF-22 testdatasheet. In theeventthat theCIMsystemis
unavailable,eventslogsshallbe usedand thedatafrom themtransferredinto theAENCIMprior
to moduledeliveryto theIBP customer.

In theeventofthemodulerework repair, or retestat TRWASD,suchoperationswill be
authorizedbythemanufacturingrepresentativeanddocumentedin oneofthemethodsnoted.
Inspectionofrework/repalrperformedon themodulesatTRW ASD will be theresponsibilityof
theTRW AEN representativeor theirdelegate.TRWASDinspectionwill notbe requiredon IBP
hardware. However,adequatequality andmanufacturingrecordswill bemalntained(perBPM
5.8).
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9. AS BUILT CONFIGURATION REPORT
Ref BusinessPracticesManual Par.4.15
Productstructureandpartstraceabilitydatais availablein themanufacturingCIM system.
Productis built to the latestreleasedBOM at all times. Thisreportwill be providedin a format
determinedby theAEN informationsystemsdepartment.

TheAs Built reportformatwill beestablishedduringProductionValidation. All informationfor
aproductpartnumbere.g.bill-of-material,currentrevision,barcodeserialnumberandmaterial
sequencenumbersis availablein theCIM system. Componentsuppliersandmaterialdatecodes
canbe tracedthroughthesequencenumbers.
As-built reports will be available after first pre-PV runs. PNP target date is after 3/20/98.
FEC is early April, t98.

10. Physical Configuration Audit
Ref BusinessPracticesManual Par.4.16.3
Will beconductedasapartofthePV (# 0 above).
PhysicalConfigurationAudit will be conducted in accordancewith the
PCA LEVEL 3 requirements(BPM 4.16.3).

11. Control of Nonconforming Products
Ref BusinessPracticesManual Par.5.7

,, “

Requirement:Final determinationby thecustomerfor “use asis or repair” dispositionsand
for anymajornonconformancesis applicableto a cost-typecontract.

Ref. AENOP4.13.l Par.5.5; 0P4.13.l-l Par.3.1
TRW AEN doesnot shipany nonconformingproductto acustomer.Thereis no needfor
approvalto ship productwith “variances”. Theproductis eitherreworkedto meetrequirements
or is replaced.“Useasis” and“repair~~arenotpermitteddispositionsfor customerproductin
theTRWAEN procedures.

11.1 Nonconforming Materials/Component Identification & Segregation
Nonconformingmaterialor componentsaresegregatedfrom acceptablematerialsor production
flow by placingthemin designatedareasthatarecontrolledanddispositionedby anauthorized
MaterialReviewBoard(MRB). MRB dispositionsfor materialor componentswill include
rework,returnto vendor,or scrap.

• “rework” - vendorproductis reworkedto meetthe requirementsofthe specification
• “return to vendor” - product is returnedfrom receiving inspectionto the supplier for
reworkto requirementsorreplacement.
• “scrap” - vendor product is permanently and positively identified to preclude
unauthorizeduse
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12. MANAGEMENT OF CUSTOMER-OWNED PROPERTY

Ref BusinessPracticesManual Par.8.3, 8.4, 8.5

Ref. TRW AEN OP 4.7.1 ControlofCustomerSuppliedProduct.
WhenCustomerfurnishedpropertyis foundto be damaged,malfunctioning,orotherwise
unsuitablefor use,suchconditionswill be reportedpromptly to the appropriateCustomer
Representative.

• Examinationuponreceipt,to detectdamagein transit (OP 4.7.1 Par.5.2)
• Ensurearticlesreceivedareasspecifiedin shippingdocumentation
• Protection,maintenance,calibration,periodic inspection,and controls necessary

to precludedamageor deteriorationduringhandlingandstorage (OP 4.7.1 Par.5.3)
• Protectionfrom improperuse
• DisposalofCustomer-furnishedproperty. (See0 below)

12.1 Disposalof CustomerProperty
Ref BusinessPracticesManual Par.8.5
Disposalis outlinedin AEN documentMAM 1.1 Par.3.4

Personsinitiating equipmentdispositions(scrap,sell, storage,transfer,customerreturned
equipment)mustcompleteanEquipmentDispositionform (F0256)androutefor proper
signatureapproval. Customerapprovalis requiredprior to thedispositionofcustomer-owned
equipmentortooling. (Underlinedsentenceis statedin F0256document.)

13. CONTRACT COMPLETION BY TRW ASD
Ref. BusinessPracticesManual Par.8.3, 8.4, 8.5, 9.0, 9.4

NOTE: Uponreceiptofmodulesfrom TRWAENfor furtherprocessingandtestingatASD,the
TRWASDpropertyadministratorshall:

a) yen/Vconditionandidentifycustomerpropertyuponreceipt;
b) providecareandmaintenanceandstorage
c) ensurecustomerproductis notDhvsicallvcommingled“segregationofproduct”

Whenthesemoduleshavecompletedassemblyandtesting, a “DD250” shallbepreparedat TRW
ASDand usedto deliverthemodules“in place-, to theIBP customer.The IBP moduleswill be
taggedasGovernmentPropertybytheTRWASDpropertyadministratorandshallbe tracked
andloggedperTRWASDprocedures.

FinishedmodulesthatarenotrequiredbyF-22 or RAH-66shall bestoredin thecontrolledIBP
FinishedGoodsarea. The tinishedIBP moduleswill be deliveredto theF-22/RAH-66
integrationlab at TRWASDfor systemintegrationuponcompletionofaDD1149transfer
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5/26/99 12:11 PM

documentasagreedin the TRW-WL/MTTransferAgreement.

Disposalor return ofanyIBP-ownedmoduleswill be in accordancewithproperlyauthorized,
written directionofthe WL/MTcustomer.
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3. Parts Control
Objective: To reduce product costby selectionof a component’sperformance, quality,

durability, maintainability and reliability.

A PartsControl Program~is an industry“Best Practice”for theselectionofpartsormaterials
duringtheproductlife cycle. A PartsControlProgramis obviouslymoreapplicableduringthe
designphase,but is alsoapplicablewhenobsolescence,modifications,orreliability becomean
issueafterproductdevelopment.A PartsControlProgramis establishedto:

• achievelife cycle costsavingsorcostavoidance,

• reducepartsproliferationin aproductor system (reducethenumberofparttypes,

gradesorvalues),

• minimizetheaffectofpartsobsolescence,and

• improveinterchangeability,reliability andmaintainability.

A world-classpartsormaterialselectionprocessincludessuchactivities asIntegratedProduct
Teams(IPT) with customerinvolvementandsub-tiersupplieralliancesandshareddatabasesto
evaluatevarioustechnologiesandperformancecharacteristicsof candidatepartsascomparedto

thedesignrequirements.

Therequirementsdevelopedin this documentareonly applicablewhenspecifiedin thecontract,

statementof workoroperationalrequirementsmatrix.65 The supplier’sown processesor
systemsmustmeetthe intentofISO 9001 andtheserequirements.Thefollowing requirements
for policiesand/orproceduresareestablished:

Requirement Title Par.
1. 3.1 PartsControlProgramandPlanning 3.1

2. 3.4 CustomerNotificationofProductChanges 3.4

TheAutomotiveIndustryAssociationandcommercialcompaniessuchasBoeingCommercial
Avionics Systemshavedevelopedpartscontrolprogramrequirements.Manyoftheseprograms

evolvedfrom, andmakereferenceto, theMIL-STD-965A specificationwhichwasreplacedby
MIL-HDBK-965 in September1996.

3.1 Parts Control Program and Planning

The suppliershouldhaveafacility-wide documentedParts,Material,andProcessControl
Programfortheselectionanduseofparts,materials,andprocessesin thedesignand

64 BoeingDefenseandSpaceGroup, CommercialAvionics Systems-
(BD&SG-CAS) D900-10193-lPartsControl Program

65 OrganizationalandTechnicalInterfacesBP RequirementsSection1

47



manufacturingoftheproduct.It is abestpracticefoundin commercialanddefenseindustriesthat

thesupplieradoptacross-functionalteam~culturefor partsselection. Thetypical Parts
ControlProgramincludesthefollowing formalizedprocesses.

• Internalapprovalprocessincluding:organizationalandtechnicalinterfacesfor design
activities,67 andidentificationofPartsControlBoardmembers,if applicable.

• Orderofpartpreferenceor level ofauthorizeduse(i.e., disapprovedfor use,limited use,
conditionaluse,orpreferreduse)includingapplicabilitydefinitionsasdeterminedby
supplier’sprocess.

• Newpartsselectionor substitutionproceduresconsideringcost,availability, quality of
partsor materialwhile minimizingtheneedfor customeroversight,ability for future
upgrades,emphasisonprocesscontrols in manufacturing,andmanagementofnew

supplierswho will supportthedesignandproductionobjectives.

• Partstandardizationfor compatibility with manufacturingprocesses,andreductionof parts

typesand valueswithin theproductor system. Preferredpartsshouldbe identifiedfor use
by thedesigners.

• Partsobsolescence- with the lengthydesignanddevelopmentcycles,it is critical for “out-
of-productionparts” to be addressedasearlyaspossible.

• On-goingproductsupportability(reliability, maintainability,logistics)efforts

• Qualificationto customerrequirementsfor reliability andperformanceof partsormaterial

• Formalcustomerapprovalfor a specifiedpartnumber,manufacturer,productionprocess

andlocation,engineeringchange(revision)level to beauthorizedfor usein thespecific
product68’includinganorderofpreferenceor level of authorizeduse. Thosepartsthatare

selectedfor usein aproductdesignmayrequirepartsapprovalor productqualification
priorto beginningproductionby eitherthecommercialor DoD customer.

• Notificationto customerofpotentialproductperformanceissuesordelivery schedules.

• Componentdatabaseor library for collectionofall partsandmaterialinformationincluding
reliability reportsandpartqualificationdata,specifications,datasheets,testresults,trade
studies,andanalysisandexchangeofthis informationwith thecustomersandpreferred

suppliers.

Supplier shall describe its internal parts control69 proceduresand processesfor selection,
qualification, standardization, approval and data collection for parts to be usedin the
product designand manufacture.

66 SeeSection1.0OrganizationalandTechnicalInterfaces
PartsAcquisitionReformTeamBESTPRACTICE 4/30/96,pg. 6 DesignProcess

67 ISO Q9001-1994par. 4.4.2DesignandDevelopmentPlanning
ISO Q9001-1994par. 4.4.3 OrganizationalandTechnicalInterfaces

68 QS-9000Quality SystemRequirements,SectionII pg. 52
AutomotiveIndustryAIAG ProductionPartApproval Process(PPAP)

69 ISO Q9001-1994par. 4.4.2 Design& Developmentplanning
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Whenthesupplier’sexistingpartscontrolproceduresandsystemsdo not adequatelyaddress
customerrequirements,aPartsControlPlanis developedin sufficientdetailto clearlydescribe
the supplier’spartscontrolorganizationandintendedapproachfor selection,standardization,
qualification,substitutionandalternateparts,approvalprocessanddatacollectionfor partsto be

usedin theproductdesignto ensurethat statedperformanceandreliability requirementsare
satisfied. This PartsControlPlantypically requirescustomerapprovalprior to implementation
or for any changesaffectingthe intentoftheplanandmaybe combinedwith theoverallProgram

Control Plan.

3.2 SupplierComponent Library

This processfor compilingpartsinformationis determinedby thesupplierandmaytakethe
form ofanon-linedatabase(i.e.,PartsDataManagementorMRPII system)ormaybea design-
tool componentlibrary. Thesuppliermay be requiredto demonstratetheirprocessfor collection

anduseofpartsinformationduringthesupplierselectionprocess.

A componentdatabaseor library is a “bestpractice”andis essentialto accomplishcostsavings

andscheduleimprovementsmandatedby customers.Typical advantagesofa componentlibrary
includethefollowing.

• Acceleratesthedesigncycletimeby providingdesignerswith partsto choosefrom that

havebeenpreviouslyapproved.Partsreliability andqualificationinformationis available
and suppliersarepre-approved.

• Reducesthevarietyofvalueswithin apartsfamily, therebyincreasingthepotential

quantityto bepurchasedandreducingthepartscosts.

• Providesprocurementwith theopportunityto forecastpartsusageandprovidefor grouping
of acquisitionswith sub-tiersuppliersandtherebyimproving thepartsavailability and costs.

A typicalparts informationanddatacollectionsystemincludeselementswhichprovideuseful
informationfor electricalandmechanicalpartsorassembliesfor usein design,acquisition,
inventoryandlogistics orrepairactivities.

• BasicPartInformation

• Form, Fit, Function,Interface

• Qualificationandreliability

• Standardization

• SpecialCharacteristics70

• “Whereused” (ReverseBill-of-Material)

• RobustDesignmodelsandanalysistools

BOEING CAS: D900-10193-l Pg. 15 par. 3.1 PartsControl Plan
70 AdvancedProductQuality PlanningandControlPlan(Automotive IndustryATAG) par. 2.8 pg. 16
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3.3 SharedDatabases

It is desirablethat acomponentdatabaseof relevantinformationbeaccessibleto industry,
customersandsuppliers. Useof shareddatabases71will increasethepartsknowledgebasefor all
participants.A shareddatabasewill reducetheproductcostsby providinginformationfor
increasedpartsstandardizationandwill reducethesuppliers’costsassociatedwith qualification,
redundanttesting,re-designactivities,andcomponentfailuresorobsolescence.

3.3.1 Government Industry Data ExchangeProgram (GIDEP)

An exampleofashareddatabaseis theGovernmentIndustryDataExchangeProgram(GIDEP)
databasewhich is availablefree of costto all supplierswhoprovideproductsto the Government.

This databaseonly requiresparticipationandsubmissionofpartsinformationincluding:
engineering,failure experience,metrology,reliability andmaintainabilityandotherproduct
information.

GIDEPOperationsCenter
2300 5th Street,Norco,Ca91760
Mailing address:P0Box 8000, Corona,Ca 91718-8000
Voice: (909)273-4677 FAX: (909)273-5200

http://www.gidep.corona.navy.mil/datainf/faq.htm

3.4 Customer Notification of Product Changesor Phaseout

The supplier shall establish,documentand maintain asnecessarya processfor advanced
customer notification72 ofproprietary product phaseoutor ofchangesto any product that
mayaffect the customer’s intended application’s form, fit, or function.

As a memberofthecustomer’sIntegratedProductTeam,thesub-tiersuppliershouldwillingly

provideamplewarningofimpendingchangesto critical componentsusedby hiscustomer.The
sub-tiersuppliershouldadvisethecustomerof all changesto proprietaryproductsor to any
productfor whichthe supplierhasdesignresponsibility,whichaffect thecustomer’sform, fit,
functionor interfaceattributesapplicableto devicefamily, andallow ampletime for thecustomer
to assesschangesandpotentialre-qualificationrequirements.Failureto providethis notice,may
causethecustomerto losemarketposition,therebylosingprofitsandjeopardizingthesub-tier
supplier’srelationship. Thisrequirementis closelyalignedwith designcontrolsand
configurationmanagementrequirementsfor customernotification andapprovalofchanges
affectinga customer’sproductdesign;however,thisrequirementis aimedtowardthe continued
customerrelationshipwhenthe supplierhascontrolof thedesign.

71 PartsAcquisition ReformTeamBEST PRACTICE4/30/96,pg. 16 SharedDatabase
(LockheedMartin, McDonnell Douglas,Hughes)

72 QS-9000Quality SystemRequirements,SectionII pg. 52,ProductionPartApprovalProcess
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3.5 References

Additional sourcesof partscontrolinformation.

• PartsControlBestPractices,PartsAcquisition ReformTeam,Government/Industry

SupportTeam, April 30, 1966: McDonnellDouglas,Hughes,LockheedMartin

• CAS Electrical/Electronic/ElectromechanicalPartsControlOperatingPlan
BoeingDefense& SpaceGroup,CommercialAvionics Systems8/10/86

• ProductPartApproval Process,AutomotiveIndustryAction Group,2/1993

51



52



Attachment A - Parts Control Program
Note: This attachmentis NOT arequirement,but is providedasa “bestpractice”.

3.6 Parts Control Program Guide

Thisattachmentis providedto expressthelevel ofdetaildesiredof defensesuppliers,to

highlight thesubjectsofinterest,andto provideexamplesofpartsselectionprograms. It is
intendedthatthe supplierscanestablish,or supplement,theirparts& materialsmanagement

programsto accomplishthespecificdefenserequirementsasstatedin the Statementof
Objectives.

Partsandrawmaterialsarethebuildingblocksofall systems.It is imperativethat theybe

selectedandappliedin amannerthat ensurestheir “robust” usefor theparticularconditions
underwhich theymustoperate73.A “robust” product/processdesignwill functionwith limited
variability in spiteofdiverseandchangingconditionsofthemilitary environmentor component-
to-componentvariations.

Any partscontrol systemshouldfocuson two primarygoals:

• Theselectionofpartsand materialswhich reliably performtheneededfunctionfor the
designlife of theequipment,in theenvironmentin whichthey areintendedto operate.

• To providecosteffectivepartsandmaterialsthroughoutthe equipmentlife cycle.

Although rawmaterialsarenot discussedseparately,mostoftheconceptsandmethodologies
discussedfor partsarealsoapplicableto materials.

Figure 1. Typical IPT Design/PartsSelectionFlowprovidesan exampleflow chartfor the
selectionofmicrocircuits, (seeFigure4. Microcircuit PartsSelectionFlow on page66) using the
principlesdiscussedin this section.

3.6.1 Integrated Product Team (IPT)

In orderto establishadesignprocesswhich includestheselectionofappropriatecomponents,
andthatrespondson arealtimebasisto rapidchangesin designtoolsandcomponent
technology,it is essentialfor the supplierto adoptancross-functionalteamor concurrent
engineeringculture suchasanIntegratedProductTeam.

Openandfrequentcommunicationwithin this groupmustexistin orderto ensurethe successful
designandmanufactureofaproduct. It is not,however,necessaryto havea separatefunctional
personorgroupfor eachoftheabovedisciplines,as longasissuesrelatedto eachareaddressed
in thedesign,partsselectionandsub-tiersupplierselectionprocesses.

CommercialPartsandPracticesfor Militaiy Applications,FayetteD., MacDiarmidP., et. al., Rome
Laboratory,Reliability Analysis Center,June2, 1995.
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3.6.2 Parts Control Plan

Thetop portionofFigure 1. Typical IPT Design/PartsSelectionFlow indicatestheelements
necessaryin theselectionofpartsand sub-tiersuppliers. Thecentershowstheimplementation
ofapprovedpartsasanelementofthedesign/manufacturingprocessandthebottomshowsthe
key elementsofanongoingproductsupportprogram.

A partscontrolplanshouldensurethat partsandmaterialswill effectively meetthe specific
applicationrequirements.In general,eachsuppliershouldhaveacomprehensivepartscontrol
systemthat addressesthemannerin which thefollowing elementsarehandled:

• Evaluationandselectionof partsand sub-tiersuppliers

• Identificationofpreferredpartsandcritical parts/technologies/sub-tiersuppliers

• Supportability(standardization,obsolescence,failureanalysis,actionrequests,etc.)

• Datamanagement(datasheets,specifications,sub-tiersupplierdata)

Figure 1. Typical IPT Design/PartsSelectionFlow

54



3.6.3 Parts Selectionas an Element of Design

This sectionoftheBusinessPracticeRequirementsprovidesa suggestedprocessfor theselection

ofpartswith appropriateandadequatefunction,performance,reliability, anddurability
characteristics.74

Initially in thedesignprocess,theremustbeaclearunderstandingofthedesiredfunctionand
performancerequired,aswell astheintendedusageoftheproductincludinganevaluationofthe
environmentin which theproductwill perform.

Whenconsideringtheuseofcommercialor industrialpartsfor a military application,parts
selection,design,andmanufacturingareinseparableprocessesandrequiremoreevaluationthan
mightotherwisebenecessary.This is primarily dueto alack ofsubstantialfield historyofthese
partsin military environments.Partsselectionfor military applicationsneedsto movebeyond
questionsofcomplianceto benchmarkstandardsinto questionsaboutreliability andperformance
in specificapplications.Theselectionprocessrequirestheapplicationofrigorousengineering
methods,disciplinedprocurementpractices,andtheuseofreliability, physics-basedanalytical

toolsandmethods.

Figure2. PartsControlProcessbelow depictsa partscontrolmodelthat is typical for defense
applications. TheMilitary PartsControlAdvisory Group (MPCAG) andDefenseSupply
CenterColumbus(DSCC)Procurement/Supplyactivity for the FederalGovernment..

Designguidelinesfor manufacturingproducibility mustexistat eachsupplier. Theseguidelines
establishthelimiting constraintsimposedon partsselectionin termsofpackagetype(size,lead
pitch, etc.)andprintedwiring boardcapability(surfacemountvs.throughhole).

Partscostandavailability areobviouslyconsiderationsin partsselection. Partsshouldbe

selectedwhich arecosteffective,yetmeettherequiredperformance,reliability, and
environmentalconstraints,andlife cycle requirementsandshouldbe readily availablefrom more
thanonesource,to meetfabricationschedules,andto ensuretheirfutureavailability.

Oncethesupplierhasdeterminedthat apart is within the company’sdesiredcompetitiveand
costrange,thefocusturnsto specificpartapplicationfactors. Correctapplicationof parts
means“usingthebestpart forthejob in anoptimumorcosteffectivemanner”. Thefactorsto be

consideredin optimumpartsapplicationarebothnumerousandcomplex. (seeTable 1. Critical
Application Factors)

MIL-HDBK- 179A, Military’ HandbookMicrocircuitApplication Handbook(7/20/95)
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Table 1. Critical Application Factors

In summary,it canbeseenthattherequiredinformationmustcomefrom diversetechnical
disciplines.This reinforcesthe initial claim thatasuccessfulpartsselectionprocessrequiresan

IntegratedProductTeamthatworkstogetherin realtime.

Part Manufacturer Evaluation

As aproduct’sdesignis developedto meetthesystemperformancerequirements,andtheneed
for specificpartsis identified,thesupplierconductsinvestigationsto evaluatepotential part
manufacturersandtheattributesofthepartsto be consideredin the design. Two keyparts

selectionissuesare:

• Partmanufacturersshouldbechosenwhich havedocumentedquality andreliability
developmentprogramswhich re-qualifydeviceswhenprocesschangesareinstituted.

Operating Temperature Range- Parts should be selected which are rated for the operating
temperature range to which they will be subjected.

Electrical Characteristics- Parts should be selected to meet maximum applied electrical
stresses (singularly and in combination), current, voltage, EMI, ESD susceptibility, frequency,
waveform and signal requirements.

Stability- Parts should be selected to meet parameter stability requirements based on changes in
temperature, humidity, frequency, age, etc.

Tolerances- parts should be selected that will meet tolerance requirements, including tolerance
drift over the intended life.

Reliability- Parts should be selected with adequate inherent reliability and properly derated to
achieve the required equipment reliability. Dominant failure modes should be considered
when a part is used in a specific application.

Life- Parts should be selected that have “useful life” characteristics (both operating and
storage) equal to or greater than that intended for the life of the product in which they are
used.

Maintainability- Parts should be selected that consider mounting provisions, ease of removal
and replacement, and the tools and skill levels required for their troubleshooting /
removal/replacement/repair.

Environment- Parts should be selected that can operate successfully in the environment in
which they will be used (i.e. temperature, humidity, sand and dust, salt atmosphere, vibration,
shock, acceleration, altitude, attitude, fungus, radiation, contamination, corrosive materials,
electric and magnetic fields, etc.).
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• Partmanufacturersshouldbe chosenwhich haveapartsprogramthatrequiresacontinual
samplingoftheirproductfor qualificationtesting.

Therearemanywaysin which sub-tiersupplier’smanagementandtechnicalcapabilitiesand

processcontrolscanbe evaluated.SeeSection6.0 - SupplierSelection.

3.6.5 Ongoing Supportability Issues

Oneof themostimportantaspectsof abestpracticespartsandmaterialmanagementprocessis
theroutineperformanceby the supplieroftechnologyscansto identify emergingtrendsthat
couldpositively ornegativelyaffectproductsupportandfield logistics. Thispracticehelpsto

mitigatetherisk of obsoleteand out-of-productionparts. Technologyscansinvolve the
systematicreviewof emergingtechnologiesin fields thataffecta supplier’sproduct.
Governmentcontractorsdo muchofthis aspartoftheirIndependentResearchandDevelopment
(IR&D) programs. Attendanceat tradeshows,subscriptionsto newsletters,collaborationswith

universityresearchprograms,andsponsorshipofgovernment-industryconsortiaareotherways
ofkeepingup to dateon emergingtechnologiesandtheimpacton existingandnewproducts. See

Section11.0 - ProductSupportandLogistics

3.6.5.1 Logistics

Many oftheadvantagesofapreferredpartdatabase(par.3.6.9)are alsobeneficialto thefield
Logistics issuesrelatedto parts. Theoverall reductionofpartsasaresultof implementinga
preferredpartsdatabasetranslatesto savingsto theuserin procuring,warehousing,transporting

partsanddatamanagement,which includesthepreparationandmaintenanceofengineering
drawingsandotherrequiredpartsinformation.

3.6.5.2 Maintainability

Theexistingconcernof losingthe initial lowercostadvantageof commercialdevicesthrough
increasedlife-cycle costsasaresultofreworkorrepairof failedparts,canbealleviatedby
adoptingapartsprogramthat focuseson maintainingaselectlist ofpreferredpartsthat is based

on thecontinuousandconcurrentevaluationofcurrenttechnologiesfor specificapplications.

Suppliersneedto beawareoftheuniquerequirementsoftenassociatedwith thedefense

customer’smaintenanceof deliveredproduct. Detailsof field maintenancerequirementsare
usuallydelineatedin thecustomer’sperformancespecification.

Maintainability issuesdrivenby designpartsselectionincludeasanexample:

• Removalandreplacementof componentsthat havecomplexpackagegeometry’s(fine pitch
leads)atminimally equippedorremoterepairdepots.

• Repairor re-testofdesignsthatusecoatingsandencapsulantsthataredifficult or
impossibleto removeorpenetrate.
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• Selectionoflimited-life partsthathavediminishingavailability andno substituteor
alternatereplacementpart.

3.6.6 PartsData Management & Utilization

Detailedinformationregardingpartsandmaterialsthatsuppliershaveaccumulatedoveraperiod

oftimeforms thehistoricalbaselineon which futurepartandsub-tiersupplierselectionscanbe

based.It is thereforeimportantto establishaworking,relationaldataresourceof partsand sub-
tier suppliersthatthesuppliercanmakeuseofin a concurrent,real-timefashion. This canbe
accomplishedeitherthroughacomputerautomatedsystemor manuallyaccumulatedlibrary.
However,astheamountofdataincreasesaswell astheneedfor real-timeaccessby many
individualsin thedecisionprocess,a computer-basedsystembecomesamoredesirablesolution.

3.6.7 Parts Databaseelements

Figure3. Elementsofa PartsDatabaseshowssomeofthekey elementsofarelational
componentdatabaseand couldbe usedasa workingsystemfor thesupplier’sdesignpartsand
sub-tiersupplierselectionprocess.From this system,eachofthemembersoftheconcurrent

teamcould input orretrievecomponentand sub-tiersupplier-relatedinformation.
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Figure 3. Elements ofa Parts Database
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A typical databaseor library mayinclude:

3.6.7.1 Part Basic Information

1) Part numbers- genericor sub-tiersupplier’s,NationalStockNumber. No substitute

available,alternatepartavailable,MIL (military standard)

Military approvedcomponents:
JANTX (JointArmy Navywith variouslevelsofproductassurance),
MIL-STD (Military Standard),
MIL-PRF (Military Preferred),
QML (QualifiedManufacturingLine)

2) Description,nomenclature,briefspecificationincluding (a) informationsourceanddate,(b)
partmanufacturersand(c) internal selectionorqualificationprocesses.

3) CostPrice- rangesandNon-recurringcostsofferedby varioussub-tiersuppliers

4) Identificationof sub-tiersuppliers’name,address,phone,identificationnumber,andpast
performanceassessment(qualityandon-timedelivery). Sub-tiersupplierapprovalshould

berequiredprior to partsapprovalbeingissued.

5) PartsApproval status

3.6.7.2 Form, Fit, Function, Interface (F31)
1) technology(function)

2) physicalgeometry

3) packagetypeor interfacespecifications

4) specificationsordatasheets

5) tolerances

6) operating ranges
7) thermalcharacteristics

8) specialmarking requirements

9) specialpackagingfor shipmentor storagerequirements

3.6.7.3 Qualification and reliability

1) qualificationlevel: similarity, screening

2) sourceofqualificationdata: manufacturer,military, internaltests

3) reliability data: failure rates,predictions,PPM level, failure analysisdata

3.6.7.4 Standardization

1) preferredparts - quality andreliability havebeenestablishedin marketplaceor determined
by internalqualificationandpastuse.

2) commoditycode(FederalSupply Code,partscategory)

3) equivalentpartavailability

4) alternatepart identified
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3.6.7.5 SpecialCharacteristics75

1) requiringspecialattentionduringdesignorassembly

3.6.7.6 “Where used” (ReverseBill-of-Material)

1) identify otherassembliesusingthe component

3.6.7.7 Robust Designmodels and analysis tools:

1) Eachmodel is createdthrougharigorousprocesswhich includesextensivecheckingand
validationof themodel’s correctness.

2) schematicsymbolmodels

3) functionalsimulationmodels

4) performancesimulationmodels

5) 3D solidmodelsfor structural(staticanddynamic)

6) 2D modelsfor printedcircuit boardelements.

7) thermalanalysis

3.6.8 Qualification Data

Thepartsdatamanagementsystemshouldprovideaccessto detailedqualificationandreliability
datasuppliedby thepartmanufacturers,togetherwith applicablestatisticalanalyses.It should
containany inspectiondata(pass/failcriteria,failure resolutionor correctiveactionandre-
qualificationcriteria)obtainedfrom partssuppliersor internaltestingandevaluations.

Devicequalificationdatafrom partmanufacturerscanbeusedto verify systemenvironmental
qualificationrequirementsprovidedthedatais documented,current,statisticallysignificant,and
analyzedto indicatethatthepartswill functionin theenvironmentfor thespecifiedlife ofthe

product. This datamustbecontinuallysolicitedfrom thepartmanufacturersfor all thedevice
typesutilized andanalyzedfor theabovementionedattributes. If thedevicedataindicates
anomalousconditions,failure analysesconducted,andcorrectiveactionstakenby thepart
manufacturer,thendeterminationsshouldbe madeby the supplierfor any additionalactionsthat
needto be takenregardingthisparticulardeviceor devicetype (i.e. datecoderestrictions,

temporaryscreens,etc.).

Thesuppliershouldundertakethefollowing tasksregardingpartqualificationdatapriorto

utilizing a particularpart:

1) Partmanufacturersshallbe contactedto obtainassurancesandverificationofcorrectdata
interpretation.

2) Periodicmonitoringof dataandcorrelationto in-houseandfield experienceafterpartis
includedin theproduct.

3) Reviewof failureanalysesandcorrectiveactionsincludedin thepartmanufacturerfurnished
data.

~ AdvancedProductQuality PlanningandControlPlan(AutomotiveIndustryAIAG) par. 2.8 pg. 16
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4) Thepartdatashouldbe specificallyreviewedfor indicatorsof dataintegrity (or lack
thereof),suchas:

— Accuracyofcalculations

— Testconditioninconsistencies

— Missingsampleswith no explanation

- Inconclusivefailure analyses

— Inconsistentaccelerationfactors

Forcosteffectiveness,theutilizationof qualificationdataprovidedby apartmanufacturerfor a
specificdeviceordevicefamily is thepreferredmethodofqualification. Thisdatashouldbe
recordedandretainedby thesupplier,andshouldcontainthedetailpartdatasummaryby
specificpart number. Qualification data should be availableatthesupplier’sfacility for internal

aswell ascustomerreview.

It is importantthat considerationbe given to part-specificconfigurationissues,particularlythat
all processchangenotificationsapplicableto devicefamilies shallbe reviewedto assesschanges
andpotentialre-qualificationrequirements.

3.6.9 Preferred Parts

In thecourseofa designeffort, productdesignersshouldselectpartsandmaterialsto meet

specifiedrequirementsfor performance,reliability, quality, producibility andcost. Thisselection
taskis greatlybenefitedif thedesignerhasa list ofpreferredpartsto help in theselection
process.Preferredpartsarethosewhosequalityandreliability arewell-knownto theindustry,
andare,ideally,partswhichthesupplierhasalreadydesignedinto existingproductandhasan
establishedsuccessrecordin thefield. Without apreferredpartslist, designerswill selectfrom

theavailablefield ofpartswith varying degreesofquality andreliability.

Advantagesfor establishinga supplierpreferredpartsdatabaseare:

1) Minimizes the proliferation ofpartsandmaterialswith identicalfunctionsandvarying

degreesofquality andreliability.

2) Minimizestheneedfor additionalengineeringjustificationfor newpartsandmaterials.

3) Avoidsthe selectionofobsolete(or soon-to-beobsolete)partsandminimizesthe selection
ofsolesourceanddiminishingsourceparts.

4) Avoids theuseofunprovedtechnologyasmuchaspossible.

5) Avoidsthe selectionofpartsthat areincompatiblewith existingmanufacturingcapabilities.

6) Avoids unnecessaryinventory,resultingin costincreases.

7) Avoids unwarrantedexpansionof sub-tiersupplierbaseandadditional costsfor surveys.

8) Logistics is improveddueto thedecreasein thenumberofpart typesthatmustbeavailable
asspares.
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3.7 Typical Microcircuit Parts SelectionFlow depicted in Figure 4

Block #1 Market Researchestablishesalisting of all supplierswho couldpotentiallymeetthe
customer’sperformancerequirements.

Block #2 Customerperformancerequirementsaresubmittedto potential suppliersto determine

their productcapability.

• Specific DesignIssuesmay include: (a) Circuit Density, (b) GateCount, (c) Electrical
currentdensities(d) Ram, (e) Registers(f) Input/Output (I/O) and (g) Delay path

performance

1. ProcessCapabilities

2. Quality System

3. Controlofprocess- SPC

4. Reliability Programthataddressestechnologytesting

5. FailureAnalysisSupport

6. Test Capability

7. PackagingCapability

8. Business& Pricing issues(NRE)

Block #3 Reviewthe preliminary responsesfrom the suppliers and determine which suppliers
will mostlikely be ableto meetyourperformancerequirements.If not, continuethemarket
researchorconsideracustomdesignedpart.

Block #4 The datafromthe aboveinquiry for eachofthe9 categoriesis compiled(Paretochart)
intoa final ratingwith specific weightingvaluesbasedon immediateandprojectedneedsfor each

of the suppliers.

Block #5 Reviewthesupplier’scapabilityanddataavailableto determinetheircompetenceto

qualify thepartto meettheperformanceandenvironmentalrequirements.

Block #6 If the deviceofferedby thesupplieris matureandhasbeenofferedfor anextended
periodto customers,thequalificationdataandthehistoryofproductreturnsincludingany

correctiveactivereportsandfailure analysisinformationshouldbe obtained.

Block #7 Qualificationby similarity maybepossiblewhenthedeviceis the sameasafamily of

partspreviouslyavailableandqualified.

Block #8 Whentheproductis ofanewtechnologyor involvesamajordesignchange,the

suppliershould submitaqualificationplanandperformanevaluationto ascertainwhetheror not
thesetestswill assurethatcustomerperformanceandintegrity requirementswill be met. This
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qualificationplanshouldincludeboththeproducttechnology& specificapplication

qualifications. (Seenote1)

Block #9 FailureRateProjectionis determinedby: (a) calculating(seenote2) thefailureunits
(FIT) for HTOL, Temperature/Humidityandtemperaturecycle testandcorrelateresultsto using
reliability requirements,(b) extrapolatelife testto actualfield temperatures(seenote3), (c)
computingthevoltageaccelerationfactors(seenote4), (d) computingthetemperaturecycling
failure rate(plasticdevices)(seenote5), and(e) computingthemoistureintrusion/corrosion

failurerate(plasticdevices)(seenote6)

Block #10Secondsupplierdownselectionis conducted.

Block #11 Suppliersurveysareconductedasnecessaryto determinethat theproperprocess

controlsarein placeto ensuredeliveryofacceptableproduct.

Block #12 Thefinal supplier(s)downselectionis conducted.

Block #13 On-goingtechnicalinterfacewith thesupplieris maintained.Duringtheproductlife
cycle, it is necessarythedeterminetheproductreliability growthand failureanalysisfrom
productthatis removedfrom aboardorfrom field returnedunits. Requalificationof theproduct

maybenecessaryif changesaremadeto thedie attach,die change,encapsulationmaterial,
packaging,wirebonding,orprocesses.

NOTES:

1. CHARACiTRIZATION DATA ISUSUALLY AVAILABLE FROMTHE PRODUCTENGINEERORCl-UP DESIGNER
SHOWINGPARAMETRICCHANGESOVER A WIDE TEMPERATURERANGEOF OPERATION.

2 FIT = FAILURE UMTS= 1 FAILURE IN 1O9DEVICE-HOURS= .0001%/ 1000HOURS= .001PPM

3. ARREHENIUSEQUATION= A.F. ti/t2 = e[Ea/kT
1- Ea/kT2I,wherek = Boltzmansconstant

4. CROOKE’SEQUATION = A.F.vl/v2 = e ~ (v1 - v2] ,where1~ = C/Toxide,andC = electricfieldconstant

5. COFFIN-MANSON= A.F.deltaTi,#cyclesl/deltaT2,#cycles2 (deltaTtest/ deltaTus~
11~b= accel.exponent

6. PECK’SMODEL = AF.Ti, RI-I1/T2,RIH2 — e [Ea/kT](RH)-B, whereB = accelerationexponent
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4. Configuration Management
Objective: To ensureadherenceto requirements and product repeatability.

This requirementsdocumentwasdevelopedwith thecooperationofcommercialindustryand
military contractors,to establishtheagreedupon“bestpractices”requirementsfor Configuration
Management(CM). Drawingandspecificationpracticesarejointly establishedbetweenthe
customerandsupplierandarenot addressedin thismanual.

Therequirementsdevelopedin this documentareoniy applicablewhenspecifiedin thecontract,
statementofworkoroperationalrequirementsmatrix76. Thesupplier’sown processesor
systemsmustmeetthe intentofISO 9002andtheserequirements.Therequirementsfor policies
and/orproceduresareestablished:

Requirement Title Par.

1. 4.1 ConfigurationManagementProceduresandPlanning 4.1

2. 4.2 SubcontractorConfigurationControl 4.2

3. 4.3 ConfigurationControlBoard 4.3

4. 4.4 InterfaceManagement 4.4

5. 4.7 PartNumberingControls 4.7

6. Configuration BaselineManagement 4.9
7. 4.9 ConfigurationChangeManagement 4.9
8. 4.9.1 Major EngineeringChanges 4.9
9. 4.10 Requestfor Variance(Waiver/Deviation) 4.10
10. 4.11 ConfigurationStatusAccounting 4.11

11. 4.12 DisasterRecoveryPlanning 4.12

12. 4.13 ProductSerialization 4.12

13. 4.14 As-Built ConfigurationReport 4.14
14. 4.15.1 FunctionalConfigurationAudits 4.15.1

15. 4.15.2 PhysicalConfigurationAudit 4.15.2

4.1 Configuration ManagementProceduresand Planning

Definition: ConfigurationManagementconsistsofproceduresfor controllingtherelease,change

anduseofdocumentsthat definethecurrentproductbaselineandfor authorizingnecessary
actionsto beperformedto implementchanges(routineandemergency)thatmayaffectproduct

during its entirelife cycle. Theproceduresshouldprovidefor variousnecessaryapprovals,
specifiedpointsandtimesfor implementingchanges,removingobsoletedrawingsand
specificationsfrom workareas,andverification thatchangesaremadeatappointedtimesand
places.Configurationmanagementmaybeperformedby multiple suppliersduring theproduct

76 OrganizationalandTechnicalInterfacesBP RequirementsSection1
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life cycle.” Only officially releaseddocumentsare authorizedforprocurement,manufacture,test
andinspectionof thedeliverableproduct.

Documentreleaseis the designationby theoriginatingactivity thatadocument,including

EngineeringChangeNotice(ECN) andwork authorization,is complete,suitablefor use,and
subjectto configurationchangemanagementprocedures.Documentor computersoftwarerelease
authorizesuseofthedocumentorsoftwarefor anyauthorizedacquisitionorbuild.

RELEASEis performedby theSupplier;
APPROVAL is grantedby thecustomerordocumentowner.

The supplier shall describe their internal Configuration Management78procedures,
processes,and standards to control changesand provide a positive methodof ensuring
current releaseddocumentsare available in a timely manner, at appropriate locations,
during the product life cycle.

Positivemethodsfor ensuringdocumentapproval,releaseanddistributionto appropriate
locations(i.e. materialplanning,purchasing,manufacturingplanning,shopfloor or inspection)
necessitatea4.3 ConfigurationControlBoard(par.4.3)orequivalentmethodfor changecontrol

(par.4.9).

4.1.1. Configuration ManagementPlan

Whenthesupplier’sexistingconfigurationmanagementsystemsandproceduresdo not
adequatelyaddresscustomerrequirements,a ConfigurationManagementPlanis developedin
sufficientdetailby thesupplierandprovidedto thecustomer.Theplanshouldclearly describe
theirintendedapproachfor complianceandfor complianceby sub-tiersuppliers.This Planmay

becombinedwith theoverall ProgramControlPlan.

At aminimumtheConfigurationManagementPlanconsistsofthefollowing:

• Organizationstructure79with definedCM rolesandresponsibilities

• Written summaryofapplicablepolicies,procedures,nationalor industrystandards

• Subcontractorconfigurationcontrol. (par.4.2)

• Interfacemanagement(par.4.4)

• Configurationidentificationandbaselinecontrolprocesses(par.4.5)
• Changecontrols,reviewandreleasingof documentation(par.4.9)

• Configurationstatusaccounting(par.4.11)

• Disasterrecoveryplanfor dataanddrawings (par.4.12)

• CM reviewsandaudits (par.4.15)

EIA STANDARD 15-649-95 NationalConsensusStandardforConfigurationManagement
78 ISO 10007:1995-04-15Guidelinefor ConfigurationManagementpar. 5.3, 7.4, 7.7

ISO Q9001-1994par.4.5.1 DocumentandDataControl
SeeSection 1.0OrganizationalandTechnicalInterfaces

68



ThisConfigurationManagementPlantypically requirescustomerapprovalprior to
implementationorfor any changesaffectingthe intentoftheplan.

4.2 Subcontractor Configuration Control

As theproductbeingpurchasedbecomesmoreexpensive,morecomplex,ormorecritical to
systemperformance,thecontroloversubcontractorsshouldbe increasedto thepointthat a

majorsubcontractwouldhavethesameconfigurationmanagementrequirementsastheprimary
supplier. Whentailoringof a subcontractor’sexisting systemsis required,aprogramcontrolplan
shouldbepreparedto explaintheextentof theirmodificationandthemethodsfor monitoringthe
sub-tiersupplier’scontrols.

The supplier shall establish formal Subcontractor Configuration Control80 proceduresto
establishthe extentof their control over subcontractorsasappropriate to theproduct
being acquired.

CAUTION: Thepracticeofa higherlevel customerflow downof requirementsis NOTa
commercialpracticeandmayprecludecontractingwith a comm7ercial supplier.

If requirementsfor sub-tiersupplierconfigurationmanagementis mutuallyagreedupon,the
extentoftheflowdownshouldbeclearlydefinedin thecontractor statementof objectivesandin

the supplier’sprogramcontrol plan.

4.3 Configuration Control Board

A ConfigurationControlBoard(CCB) hastheauthorityto reviewandapprove/disapprovethe

CM plan,CM procedures,theselectionof configurationitemsandconfigurationbaselinesand
changesto thosebaselinesincludingproductvariancesapprovedor changessubmittedby the

customer.

The supplier shall establish a formal Configuration/Change Control Board8’ (CCB) or
equivalentprocessfor the management,review and approval of all changes,internally or
externally generated,affecting a baseline,i.e. drawings, specifications,and variances.

It is recommendedthat aConfigurationControlBoardbemadeupof all requiredtechnical(design

engineer,manufacturingengineering,productioncontrol,manufacturing,quality engineer,test

engineer)andadministrative(programmanagement,purchasing/planner,configuration
management)personnel.

80 EIA 649-95par. 5.1.6 SupplierConfigurationManagement“... whenthereis a rationalneed...asappropriate

to theproductbeingacquired.”
ISO Q9001-1994par. 4.6.2b) “... control exercised... oversubcontractors.”
ISO 10007:1995-04-15par. 3.4, 7.3 ConfigurationBoard
ISO 9001: par. 4.5.3 DocumentandDataChanges
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4.4 Interface Management

Definition: Interfacemanagementis thesystemengineering(ordesign)processof identifying,
recording,andcontrollingthefunctional,physical,andperformancerequirementsat common
boundariesbetweentwo ormore interacting piecesofequipment,facilities, andcomputer
softwareproductsasdefinedin thespecificationsanddrawings.

The supplier shall provide for effective managementof product interfaces.82

Customeridentificationofcritical interfacemanagementcriteriais usuallyaccomplishedby
designationasa specialor key characteristicondrawings.Thedesignationofakeycharacteristic
requiresthemanufacturerto control specifiedinterfacesby theuseof StatisticalProcessControl
(SPC)or inspectiontechniquesanddatarecordingpertheprogramcontrolplans. (SeeSection

10.0 - ProcessControlsandAppendixB. - Key Characteristics.)

4.5 Selectionof Configuration Items

Definition: Configurationidentificationis theproductdefinitionprocessof documentingthe
designin theform of drawings,specifications,planningbills, bills of material,productstructures,
andprocedures,namingthe itemsdepictedthroughuseofdrawingtitles andpartnumbers,and
individualizingthepartsthroughidentificationofserialnumbers,lot numbersand/ordatecodes.

Configurationidentificationofcustomerdesignsis not applicablefor contractmanufacturing
requirements.

Definition: A configurationitem (ormodelnumberswith designatedoptions)is anaggregationof
hardwareandsoftwarewhich satisfiesanendusefunction,oranyof its discreteportions(sub-
assemblies),thatis treatedasa singleentity in theconfigurationmanagementprocess.The
designagentnormally selectsconfigureditemdesignations83for itemscontrolledby their
configurationmanagementprocess.

Thefollowing listing maybe usedasguidanceto determineif aproductsub-assemblyshouldbe

designatedasaconfigureditem84. Oneor moreofthesecharacteristicsmaybesufficientto
designateaproductor sub-assemblyasaconfigureditem.

• Functionalrequirements

• Physicalcharacteristics
• Crucial for successfulfunctionality
• State-of-the-arttechnologyornewdesignis usedin product

• Interfacerequirements

82 ISO 10007:1995-04-15par. 7.2.1, 7.4.2 ... evaluationofchanges
83 150 10007:1995.04-15par. 7.2.1 Selectionof Configuration Items

84 150 10007:1995.04-15par. 5.2 & 7.2.1
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• Make/Buydecisions(procureditems/assembliesfrom differentsuppliers)
• Logisticsandmaintenancerequirements(spares).
• Scheduling/Phasing(timely manufacturingintegration)

4.6 DocumentNumbering Controls

A singlefunctionalorganizationshouldassignandcontroluniqueidentifying numbers85to
documents.Thisdiscreteidentifying numbermaybe determinedeitherby thecustomerfor
contractmanufacturingrequirementsorby thedesignagentfor proprietaryitemsprovided.

Figure4-1. PartNumberRe-identificationTree8’ illustratessomeof thequestionsthatshouldbe
answeredto determinewhenapartnumbershouldbechanged.

~ ISO 10007:1995-04-15par. 5.2.3 & 7.2.3
86 Instituteof ConfigurationManagement,7/95 P0 Box 5656,Scottsdale,AZ 85261-5656

ADVANCE REVISION

Institute of configuration Mangement 7/95

Figure 4-1. Part Number Re-identification Tree
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4.7 Part Numbering Controls

The Part Identification Number87 shall be changedwhenevera non-interchangeable
functional or physical condition is created or when new or revisedtesting,maintenance,
repair, training, operating proceduresor manuals, equipment or software is required.

4.8 Configuration BaselineManagement

Figure4-2. ConfigurationManagementModelbelow illustratesatypicalconfiguration
managementoverviewprocessthatis timephasedduring aproductlife cycle. Thedark symbols

indicateCM activitiesorreportsthat maybe requiredby thecustomer.Thelight shadedareas
indicateactivitiesthatmayinvolve thecustomer,specificallywith cross-functionalteamsand

with respectto thecustomerreviewsthatmaybe conducted.Configurationbaselinesare
establishedrespectivelyduringproductdefinition,developmentandproductionphasesofthe
contractandbecomemajormilestonesfor life-cyclephasing.Configurationbaselinesdefine

formaldeparturepointsfor controloffuturechangeactivity.

The supplier shall establish by mutual agreementwith the customer,Configuration
Baselines(BJL)~ accordingto the program phase: RequirementsB/L, DesignReleaseBJL,
Production BIL.

4.8.1 RequirementsBaseline

Definition: The RequirementsBaseline89specifiesthesystemfunctional,interoperability,

interface,andverificationrequirements.Thismaybe establishedby the customerduring initial
conceptor requirementsdefinitionphase.

Note: Additionalprogram,designandassemblyrequirementsmaybe calledout in other
contractualdocumentationsuchastheContract,Purchaseorder,programplans,statementof
work, milestoneanddeliveryschedules,packingandshippinginstructions,traceability
requirements,Contractor/SupplierDataRequirementsList (C/SDRL), testingand/orvalidation
requirements,StateorNationalregulatoryrequirementsand any otherrequirementsimposedby

ordevelopedwith the customerduring theQuality FunctionalDeployment(QFD)processor the
supplier’sself-imposeddesignrules

87 ISO 10007:1995-04-15par. 5.2.3 & 7.2.3

ELA 15-649-95par. 5.2.3.d ProductIdentification
88 ISO 10007:1995-04-15par. 3.3, 5.2.4,7.2.4,AnnexC

EIA 15-649-95par. 5.2.5 Baselines
89 ELA 15-649-95 Pg. 20
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PRODUCT PHASE (Life Cycle): ___________________

~-c~cE~P~E: PRODUCT DESIGN & ~noc~ssDEVELOPMENT PHASE

( CR055.FUNCTIONAL TEAM Design, Manufacturing, Matenal & Procesaes. Ouslity, Purchasing, Reliability. Logintics, Supplier, Customer )

4.8.2 DesignReleaseBaseline

Definition: TheDesignReleaseBaseline(DRBL) is the initially approveddocumentationand
softwaredescribingtherequirementsBaselinefunctional,interfaceandverificationrequirements.

The DRBL configurationis controlledby thesupplierwith specifiedcustomerreviewpoints
establishedasapartof theprogramphasingrequirementandis usedfor configurationaudits.

Theresultsofthefinal designreview(Critical DesignReview)areincorporatedinto the
specificationsanddrawingsthatdefinetheDesignReleasedBaseline.The“approval” ofthe
DRBL constitutestheproductionreleaseconfigurationdocumentation.99

4.8.3 Production Baseline

Definition: TheProductionBaseline91(PBL) includesafull setofreleased“build-to” product
documentationthat specifiesthetechnicaldescription,physicalandfunctionalcharacteristics,
andrequiredacceptancerequirementsasspecifiedin theDesignReleasedBaseline.The

90 ISO 9004par. 8.6 Designbaselineandproductionrelease
9t ISO 10007Annex C

—‘Feedback. CONTINUOUSIMPROVEMENTS

I
I
I

Feedback

Figure 4-2. Configuration ManagementModel
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ProductionBaselineis establishedaftercompletionofProductionValidation(PV) andbecomes

thedocumentinitiating commitmentsfor tooling andmaterials,etc.

4.9 Configuration ChangeManagement

All changesor variances to officially releaseddocumentation(designdocuments,
specifications,procedures,drawings) shall require review and approval, prior to making
document changes,’2by the original approving functions or documentowner, and
authorization by a formal engineeringchangedocument.

Documentexamplesinclude,butarenot limited to:EngineeringOrder(EO),EngineeringChange

Notice(ECN),DocumentChangeNotice(DCN), EngineeringChangeOrder(ECO),Show
Variance(SHOVAR).

Engineeringchangedocumentsshouldcontainthefollowing.

• Uniquedocumentidentifier

• Nameandorganizationofrequester

• Descriptionofchangeorvariance

• Classofchange(majororminor)

• Reasonfor change

• Costimplicationsof changeor variance

• Listing of documentsto be revisedorcomponentsaffected

• Urgencyordesiredeffectivity (orcut-inpoint)

• Evaluationandapprovalof changeby CCB andcustomerif applicable.

• Correctiveactionto preventrecurrence(variancesonly)

4.9.1 Major Engineering Changes

Definition: A major(Class1) changeconstitutesaformal changeto thecurrentbaselined
configurationdocumentationwhichhassignificantimpacton thekeycharacteristics(form, fit,
function,interface)oftheproduct,andrequirescoordination,review,andapproval.

Thefollowing majorengineeringchangeexamplesthatmaybeapplicable:

• Interfacecharacteristics
• Interchangeability,substitutabilityorreplaceability
• Compatibilitywith otherequipmentor software
• Performance
• Reliability,maintainabilityorsurvivability

92 ISO Q9001-1994par.4.5.3 DocumentandDataChanges

ISO 10007:1995-04-15par. 7.4

74



• Electromagneticcharacteristics
• Weight,balanceormomentof inertia
• Sourcesfor configureditemsdefinedby source-controldrawings
• Safety
• Customerfurnishedequipment
• Operationandmaintenancemanuals
• Presetadjustmentsaffectingoperations
• Skills,manning,trainingorotherhuman-engineeringrequirements

All Major (ClassI) changes,including thoseproposedby supplier/subcontractors,shall
require formal communication with the customeror drawing owner using the supplier’s
own form and written approval by a designatedapproval authority93.

Thedegreeofchangeformalitymayvary duringthedevelopmentphaseandprior to Critical
DesignReview,dependingonthecustomer’sinvolvementduring this phase.For proprietary
designs,impacton form, fit, function,performance,and/ordurability shouldbedeterminedwith

the customersothatall effectson theproductcanbeproperlyevaluated.Full or limited re-
qualificationtestingmayberequiredto ensuretheproductperformance,form, fit, function,

durability, andreliability requirementsarestill metunderthenewconfiguration. Note: The
GovernmentcustomermayrequireaDD Form 1692for EngineeringChangeProposalsfor Class
I changes.

4.9.2 Minor Engineering Changes

Definition: Minor (Class2) changesareapplicableduringtheproductionphaseandarenormally
identifiedandprocessedto correctdocumentationerrorsor to enhancecontractorproducibility
withoutchangingthecustomer-approvedconfiguration.Minor changesaffectonly thedesign

releaseandproductconfigurationbaseline.A minorchangedoesnotaffect interchangeabilityand
doesnotaffect customerrequirements.

Minor engineeringchangeexamplesincludesubstitutionof partswhichdo not impactfunction,
logistic orreliability anddocumentationchanges(recordchanges,correcterrorsor addnotes).

ELA IS-649-95 Pg. 26,5.3 (b) ChangeManagement;5.3.1.2 (a) Major
ISO 10007:1995-04-15par. 7.4
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4.10 Requestfor Variance (Waiver/Deviation)

Definition: A varianceis a temporarydeparturefrom thebaselinerequirementsanddoesnot
anticipatearevisionof theapplicablerequirementdocumentor configurationdocumentation.

When a known departure from requirements is incorporated, the supplier shall document
a Requestfor Variance and obtain appropriate authorization.94

4.11 Configuration Status Accounting

A ConfigurationStatusAccounting(CSA) reportcontainsall customerreleaseddrawing

revision/changestatusattime of build/assembly.

The supplier shall maintain a Configuration Status Record95with contents mutually
defined asindicated in the contract and Program Control Plan.

A typical ConfigurationStatusRecordincludesthefollowing ataminimum:

• Configurationbaselinedocuments
• List ofconfigurationitemsandidentificationnumbers
• Currentapprovedrevisionstatusof documents

• Statusof proposedengineeringchanges
• Statusofvariances(waiversanddeviations)
• Effectivity dateor dateof implementationin production

• Releasingauthority
• Resultsofconfigurationaudits(As-Built vs.As-Designed)
• Configurationofunits in operationalinventory(post-delivery),whenrequiredby contract

or statementofwork
• Othercustomer-specifieddataelements

4.12 DisasterRecoveryPlanning

Therecoveryplan for electronicdatarequiresfrequentandregularbackupsfor productioncritical

datafiles andstoragein a separatelocation.

~‘ ISO 10007:1995-04-15par. 7.3, 7.5.2
ELA IS-649-95 Pg. 34, par.5.3.4

‘~ ISO 10007:1995-04-15par. 7.5.3 CSA Reporting
ELA IS-649-95 Pg. 34, par. 5.4

76



The supplier shall have an effective Disaster RecoveryPlan~and processin placeto
enable reproduction of both historical and current documentsand data including
supplier-generateddocumentsand data for the product design,production & test in the
eventof potential destruction by fire, flood, theft or other forms of loss.

4.13 Product Serialization

A serial/lot number and/or supplier identification number shall be assignedto each
Model number or Configuration Item (CI) unit for the purposesof control, traceability97
and customeracceptance.

4.14 As-Built Configuration Report

TheAs-Built Configurationreport (ABCR) indicatesthenumberof unitsthat areproducedto a
specifiedconfigurationand/ortheapplicableserialnumberrange. This listing is takenfrom
productiondocumentation(shopordersorcomputer-integrated-manufacturingsystems,
drawings,revisions,componentsandmaterials)that wereusedfor eachassemblyor lot.

The supplier shall provide an As-Built Configuration Report’8with contents as defined in
the contract and Program Control Plan, to verify that all Major (ClassI) changeswere
incorporated into the product and to indicate approved variances.

Typical ABCR reportheadingsincludethefollowing.

• Partnumber: anindenturedlisting of assembly,subassembly,partnumber(including
substituteand alternatepartnumbers)

• Part description
• Latestreleasedrevision orchange
• Referencedesignatorlocationwherepart is installed
• Quantityproducedin lot or batch.
• Traceabilityinformation: component/materialsuppliernameor number,lot/dateCodeor

serialnumber

4.15 Configuration Reviewsand Audit/Verifications

Configurationreviews,FunctionalConfigurationAudits (FCA) andPhysicalConfiguration
Audit/Verifications(PCA) shouldbe documentedin theConfigurationManagementPlan99.Early
involvementofthecustomer,ortheirrepresentative,andsub-tiersuppliersin thecross-
functionaldevelopmentteamis keyto successfulproductdevelopment,improvementsin the

time-to-marketandassurancethattransitionto productionwill beassmoothaspossible.The

96

ISO 10007:1995-04-15par.5.3 ConfigurationControl - disasterrecovery
150 9001 Quality SystemsModel par. 4.8ProductIdentificationandTraceability
EIA IS-649-95 par. 5.2.3.1 Identifying individual units

98 ISO 10007:1995-04-15par. 7.6 Configurationauditprocedure“asbuilt/produced”
EIA IS-649-95 Pg. 38, par. 5.5 Figure 12
MIL-STD-973 App. H Task 501 pg. 199
Section1.0OrganizationalandTechnicalInterfaces,par. 1.4
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cross-functionalteamsshould includerepresentativeswith authorityto accepttheprogress

during thesereviews. Periodiccross-functionalteamtechnicalinterchangemeetings(TIM)
shouldbe heldto reviewdesignordevelopmentprogress.

Therearetwo distinctopportunitiesfor configurationreviews

• Thesupplierhasresponsibilityfor productdesign,thecustomermayconducta Functional
ConfigurationAudit (par. 4.15.1)at DesignVerificationto ensurethedesignwill meettheir

requirements.(SeeSection2.9DesignReviews)
• Thesupplierhasno designresponsibilitybut is responsiblefor productassemblyor

manufacturingin compliancewith a Build-To-Print(BTP) technicaldatapackageprovided
by thecustomer.ThecustomermayconductaPhysicalConfigurationAudit (par.4.15.2)
atProductionValidationorProductionReadinessReviewto ensurethatthefirst piecefrom

productionwill meetthedesigndocumentation.

Whenthe designfacility andproductionfacility arethe sameorganization,it is preferablethe

FCA andPCA reviewsbeconductedseparatelyat theCritical DesignReview(CDR) andat the
ProductionReadinessReview(PRR) reviewrespectively.However,it is possibleforthe FCA
andPCA to be conductedsimultaneouslyat thePRR. WhenFCA is delayedto PRR,thereis a
risk assumedby bothsupplierandcustomerthat theproductmaynot meetrequirementsandthe
customer’ssystemschedulescanbeadverselyaffectedby productionslippage.

Generallyconfigurationreviewsand verificationsconsistoftwo types.

4.15.1 Functional Configuration Audits

Definition: FunctionalConfigurationAudits includeadocumentedexaminationof preproduction
developmentunitswheretestsand/oranalysisofdataverify thatthe designhasachievedthe
functional,physical,andperformancerequirementsspecifiedin theDesignReleasedBaseline
documentationandis capableofbeingproduced.Theproductbaselineis therebyestablished
uponFCA acceptanceby thecustomer.

At thecompletion of product development,the designagentshall conduct a formal design
verification Functional Configuration Audit”’, verifying the customer requirements
againstthe DesignReleasedBaseline. A designCertificate of Compliance shall be
submitted by the designagent,which affirms that the designmeetscustomer’s Form, Fit,
Function & Interface requirements.

FCA is themostcritical ofthetwo configurationreviewsand is accomplishedduringmulti-
functionalteamdesignreviewmeetings. Thesereviewsrequireextensivesupportfrom the
productdesignteamandthe configurationmanagementfunctionalorganizationandshouldinclude
customerinvolvementwhenappropriate.At thecompletionofthedesignactivity, the design

100 ISO 10007:1995-04-15par.7.6 ConfigurationAuditProcedures

ISO 9004par. 8.5.3 DesignVerification
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activity productmanager(or cross-functionalteamlead)hasprimaryresponsibilityfor
FunctionalConfigurationAudits.

A processto tracedesignattributesto customerrequirementsshouldbedevelopedand
maintainedduringthesereviewsandsubsequentlyprovidedto thecustomerfor facilitationof
their final designreview. This mayincludearelationaldatabaseor amanuallisting ofcustomer
requirementsto designattributes.Critical processesaffectingkey characteristics(productor
process)shouldbe identifiedandprovidedto thecustomer.

At theconclusionof eachphaseofdesigndevelopment,a formal,documented,systematicand
critical reviewofdesignresultsshouldbe conductedto verify thattheproductdesignmeets
customerform, fit, functionandinterfacerequirements.The cross-functionalexamination
includesadequatedocumentationoftestand/oranalysisdatafrom engineeringtestsand analysis
of similarproduct,simulationsormodelsareusedto demonstratethat manufacturingprocesses

arein controlandwill produceanacceptableproduct. All activities,designaudits,experiments
andtestresults,partsselections,actionitems,andclose-outorcorrectiveactionsshallbe
adequatelydocumentedandmaintainedasagreed.(SeeSection2.9and5.8)

4.15.2 PhysicalConfiguration Audit

Definition: A PhysicalConfigurationAudit10’ (PCA) is areviewofthe as-builtconfiguration
conductedprior to productionto ensuretheproductconformsto its releasedproductbaseline
configurationdocumentation.

Definition: ProductionValidation is thesupplier’sengineeringteststhatvalidatethatproducts
madefrom productiontools andprocessesmeetcustomerrequirementsandthesupplier
engineeringandmanufacturingstandards.

The supplier’s cross-functionalteam shall conduct a physical product examination102of
the first production unit’s “as built” configuration against its technical documentation
prior to production of contract quantities. The extent of customer involvement is
documentedin theProgram Control Plan.
A product certificate of conformanceis required with first article inspections,production
readinessreviews,or initial production validations, asapplicable.

PhysicalConfigurationAudit (PCA) is accomplishedimmediatelyprior to production. Pre-
productionunitsor “first articles”areexaminedagainstthereleaseddesigndocumentationto
ensurethatthe processesandtoolsusedin productionwill provideanacceptableproduct. This
review mayconsistofa complete“tear-down”or ~ inspectionofpre-production

validationunitswith aphysicalcomparisonto eachdrawingandcomparisonofthetestresults

ISO 10007:1995-04-15par. 7.6
102 ISO 10007:1995-04-15par. 7.6
t03

QS-9000par.4.10.4,pg. 34,Final InspectionandTesting. “A layout inspectionandafunctionalverification
(to applicablecustomerengineeringmaterialandperformancestandards)isrequiredfor all productat a
frequencyestablishedby thecustomer.Resultsshallbeavailableforcustomerreviewuponrequest.”
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with therequirementsor it maysimply consistofa certificationthat theproductwasbuilt and
testedaccordingto thedocumentationprovided. A tear-downinspectionis usually
inappropriatefor expensiveproduct. This examinationmaybewitnessedby thecustomerwhen
specifiedin thecontract.

ThedesignFunctionalConfigurationauditmusthavebeenpreviouslycompletedoris being
completedconcurrentlywith the PCA. PCA is notrequiredonsubsequentshipmentsunless

thereis aconfigurationor processchangethataffectstheproductform, fit, functionand
interface.

PCA SubmissionRequirements

Table4-1. PCA SubmissionLevel is providedfor referenceonly to assistin determiningthe
basisfor appropriatesampleanddatasubmissionlevel.’04

• Supplier’squality status(i.e. ISO-9000,Strategicrelationship)
• Experiencewith prior productsfrom this supplier

• Pastquality anddeliveryperformance
• Productcomplexity
• Partcriticality to overall systemperformance
• Supplierexpertisewith the productorcommodity

PCA LEVEL
Typeof Product

C-of-C
Warrant
Req’d

PRODUCT
SAMPLES
Req’d

PCA
SUPPORTING
DATA Req’d

Submit Samples & Data to
customer OR
Witness by customer

1) Commodity product or
Service

Low complexity

Yes No None -
(Data Retained by
Supplier)

Submit c-of-c only for ALL
Shipment

2) Manufacturing Service
Medium complexity

Yes No Limited
Dimensional &
Test data

Submit Samples & Data
to customer

3) Manufacturing Service
High complexity

Yes No Complete data WITNESS at PRR or PV
Or customer is included in

cross-functional team
review.

4) Design & Build Yes Yes Limited data -
As agreed

Submit Samples & Data
to customer

5) Design & Build
(Automotive default)

Yes Yes Complete data Review Samples & Data at
supplier’s location

6) Design & Build
High cost product

Yes No Complete data WITNESS at CDR & PRR or
PV. Or customer is
included in cross-
functional team.

Table 4-1. PCA SubmissionLevel

t04 Basedon Automotive ProductionPartApprovalProcess(PPAP) SubmissionLevels,pg. 4
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Note: Level 5: In theautomotiveindustryproductsamplesandcompletesupportingdataare

reviewedby the customerat thesupplier’smanufacturinglocationfor approvalprior to
beginningproduction.Productionpartapprovalis grantedfor apartnumber,engineeringchange
level, manufacturinglocation,materialsubcontractor(s)andproductionprocessenvironment.
Changeto anyoftheserequirescustomernotificationandpossiblere-submissionofproductand
data.tOS

Production Validation or First Article Review

References:Section2.0par.2.9.5 through2.9.7,Quality Systempar. 5.6.2 through5.6.1.5,and
AppendixB- Key Characteristics.

PCAis a Production/AssemblyProductManager’s’06 primaryresponsibility. Theseperiodic

reviewswill requireextensivesupportfrom the productteamor cross-functionalteam
configurationmanagement,manufacturingandquality assurancefunctionalorganizations.
Reviewsshouldincludea customerwitnesseswho hastheauthorityto accepttheproduction
readinessprogress.

Theproductionteamshouldprovidethefollowing itemsfor theProductionValidationor First

Article Review.

• Documentationofcritical manufacturingproductorprocessoperationsaffectingkey
characteristics.

• All summaryof productionactivities,experimentsandtestresults,partsreplacements,
processperformanceresultsand correctiveactionsthatoccurredduringdevelopment.

• ComparisonandanalysisoftheAs-Built ConfigurationReport(par.4.14)with the
ConfigurationStatusAccountingreport(par. 4.11),detailingall variancesnotedwith

determinationofroot causeandcorrectiveactiontakento ensurethelatestreleased
engineeringrevisionsareincorporatedinto theproductandthat no unapprovedsubstitute
or alternatepartshavebeenused.

• Inspectionandtestresultsandsupplier’sworkmanshipfor initial productionvalidation
(PV) samplesshouldbephysically comparedto releasedproductiondocumentation.
During thedeterminationofthesupportingdatato beprovided,rememberthatthemore
reportsor informationprovidedto thecustomerthe lesscustomerinvolvementwill be

required. This supportingdatashouldindicatethat processes,controls,andproductsare
functioningproperly

Manufacturing ProcessControl Reports

KeyCharacteristicsControl (SeeSection10.4, 10.8 andAppendixB)

QS-9000ProductionPartApprovalProcesspg.52
t06 NOTEAutomotive: ProductionPartApproval Process(PPAP)is a Quality Engineeringfunction in many

automotivecompanies,not a ConfigurationManagementfunction. Thequality engineerandproductmanager
areresponsibleforcollectionofsupportingdataandsubmissionto thecustomer(asrequired).
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Key Characteristicreports,in thesupplier’s format,will bepreparedto showcompliancewith

key characteristicscontainedin customerdrawings.Forprocessesaffectingakey characteristic,
this compliancedatamaybe in theform ofSPCrecords. If no key characteristicsaredefined,no
reportis necessary.

ProcessPerformanceResults(SPC) (SeeSection10.4)

Key processesshouldbeunderstatisticalprocesscontrol. A summaryreport, in the supplier’s

format, depictingSPCresultsfor theperiodoftime thatthis productwasproduced,will be
providedwith physicalconfigurationaudit supportingdata. This summaryreportwill includean

analysisof all pointswheretheprocessexceedstheUpperorLower ControlLimits andan
explanationofthe causeandcorrectiveactiontakenandpossibleproductimpact. If no control
anomalieswererecorded,it will besostatedin the certificationofconformance.

4.16 Certification Form

Certificationformsmayberequiredfor avarietyof reasonsanddependingon customer
requirements,this informationmaybesummarizedfor presentationto thecustomer,retainedby

the supplierfor a specifiedperiod,or providedto thecustomerwith theproduct. The Certificate

of Compliancemaybe in thesupplier’sformatwhenthecontentsmeetthe intentofthe
suggestedformatin theattachment.The form shownat 0 is offeredasa possiblecombinationfor
thesetwo purposes.Twocertificationsrequiredin configurationmanagementareexplainedin
par.4.15.1and4.l5.2.

4.16.1 Certification of Compliance

A Certificationof Complianceby thedesignagentaffirmsthatthedesignmeetscustomer’sform,
fit, functionandInterfacerequirements.TheCertificateofComplianceis signedby thedesign

cross-functionalteamrepresentativesorproductmanagerand,ideally,by theteam’scustomer
representativethuseliminatingtheneedfor furtherconfigurationreview.Supportingtestsor
analysesconductedarespecified. Customeracceptanceofdesigndocumentationconstitutes
productionreleasedocumentation.

4.16.2 Certificate of Conformance

A CertificateofConformanceis requiredwith first article inspections,productionreadiness

reviews,or initial productionvalidations. TheCertificate-of-Conformancecertifiesthatthe
productis built accordingto designdocumentationandspecifiessupportingtestsor analysesthat
wereconducted.Theform is signedby thedesigncross-fi.mctionalteamrepresentatives,product
manager,qualitymanagerandideally by theteam’scustomerrepresentativethuseliminatingthe
needfor furtherphysicalconfigurationreview. A Certificateof Conformanceis the only
documentationrequiredfor eachsubsequentshipmentunlessthereis aconfigurationorprocess

changethat affectstheproductform, fit, function,or interface.

82



4.17 References

Thefollowing first tiernon-governmentstandardswerereviewedduringthedevelopmentofthese

configurationcontrolrequirements.

• ElectronicIndustriesAssociationEngineeringDepartment
EIA Interim Standard649-95: NationalConsensusStandardfor Configuration
Management,Draft dated 4/21/95wasusedfor this document.

• InternationalStandardsOrganizationISO-10007Quality Management- Guidelinesfor

ConfigurationManagement,Dated4-15-95
• AmericanNationalStandards!AmericanSocietyfor Quality ControlStandards

ANSI/ASQC9001-1994Quality Systems-Modelfor Quality Assurancein Design,
Development,Production,Installation,andServicing.(“ISO” usedfor brevity.)

• InstituteofConfigurationManagement,Scottsdale,AZ 85261-5656
Tel: (602)998-8600
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Table4-2. RequirementsAnalysisMatrix is providedasacross-referenceto thevariousnational

andmilitary standardswhich influencedtheseBusinessPracticeRequirements.

NOTE: MIL-STD-480, 483 & 1456havebeenreplacedby MIL-STD-973 (7/17/92).

Requirement ISO 10007 EIA 649
Draft 4195

ISO 9001 MIL-STD.

Config. Mgmt Procedures 7.4 5.1 4.4.1 973, 483
CM Plan 7.7 5.1.2 4.24.5.1 973, 483
Disaster Recovery Plan 5.3 - - 1456
Subcontractor CMP - 5.1.6 - 973, 483
Config Control Board 3.4, 7.3 5.3.2.1 4.4.9 973
Interface Control 5.2.1 - - 973
Select. Config. Item 7.2.1 5.2 - 480. 483
Document Numbering 5.2.3, 7.2.3 5.2.4 - 973
Part Numbering - 5.2.3 - 973
Serialization - 5.2.3.1 4.8 -

Program Phasing 3.3, 7.2.4 5.2.5 - 973, 483

Requirement B/L - 5.2.5.2a -

Design Release B/L - 5.2.5.2b ISO 9004, 8.6 480, 483
Production B/L Annex C 5.2.5.2c - 973, 483

Major Changes 7.4 5.3.1.2a 4.4.9, 4.5.3 973, 483
Minor changes - 5.3.1 .2b - 973, 483
WaiverslDeviations 7.3, 7.5.2 5.3.4 - 973. 483
Config. Status Acct. 7.5 (all) 5.4 4.5.2 973, 483
As Built Reporting 7.6 5.4.1 - 973. 483
Functional Config Audit 7.6 5.5.2 - 973, 483
Physical Config Audit 7.6 5.5.2 - 973

Table 4-2. RequirementsAnalysis Matrix

Table4-3. ProductionPartApproval containsacomparisonof therequirementsfor approvalof
productionpartsfor atypical military programwherethecustomerownsthe design,an

automotiveproductwherethesupplierownsthedesign,andadual-useBuild-to-Print (BTP)
program.ThecolumnBTP is recommendedfor usewith commercialitem subcontracts.
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~caIDEFENS~I.~O~OTIVLRESPONSIBILITYONLYREQUIREMENTLine CONFIGURATION AUDIT BTP REQ.DESIGN

1) WHEN is DESIGN review
conducted?

Functional Configuration Audit

@ CDR Design Reviews ~ CDR Design Eng. approval

Requirements Traceability Matrix
Customer “shalls” compared to
Design_Specs

TEST RESULTS - Material, FMEA,
performance,_durability.

Certificate of Compliance

YES NA

3) DOE YES

YES YES
Typical PRODUCTION Requirement (No Design activity)

WHEN is PRODUCTION review?
Physical Configuration Verification
PCA Submission Level

~ PV
Level 3
(pg. 80)

Prior to Production
After Qualification test &
Acceptance Testing

Production Validation
prior to 1st shipment
Req’d each Model Yr.

DOCUMENTATION (See Below) --- Full Design Disclosure ALL design records
7) a) Part Drawings (Released) YES - Level 3 Dwgs YES
8) b) Specifications (Released) YES YES
9) c) Detail Drawings (Released) YES YES
10) d) Configuration Status Account YES YES NA
11) e) CAD/CAM math data NA YES
12) ~ Action items and Closure YES NA
13) g) As-Built Configuration Report YES NA NA
14) h) Acceptance Test Procedure YES NA
15) i) Engineering Changes ABCR Included above YES
16) SAMPLES - Submitted to customer

with supporting data
NO Completed assembly &

individual piece parts
Typical: 2 per 300 pcs.

lot submitted
17) PCA SUPPORTING DATA: - - -

18) j) Dimension Verification YES Dimensional results
referenced to Dwgs

19) k) Inspection & Test Aides NA Checking fixtures
0) I) Key Characteristic Control YES NA YES
1) m) Acceptance Test Report ICT/Final YES NA
2) n) Process Flow Charts NA YES
3) o) Process FMEA NA YES
4) p) Process performance result

supporting_data
Certificate of Conformance

to Design Drawings

YES NA YES

5) YES Certificate of Compliance
signed by QA/Product
Mgr.

Warrant document signed
by QA Mgr.

6) REVIEW BY CUSTOMER NO YES LevelS & 6 ONLY
(pg. 80)

Table 4-3. Production Part Approval Processes
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4.18 Certification Form

Part Number: _____________________________
ReleasedEngineeringDrawingChangeLevel:

PartName:
Dated:

Dated/CN:

ST. ZIP:

Customer:
Contract/PurchaseOrderNo./Statementof Objectives:
Supplier Name:
Address:
City:
Checkall applicableareas - Attached[Al Retained[RI NotRequiredINRJ
Li DESIGN CERTIFICATE ofCOMIPLIANCE
Li Initial Design(FunctionalConfig. Audit) Li EngineeringChanges
Li Testdataor analysisresults Li Pre-productionsamples
Li Testsandanalyseswhich demonstratecompliancewith requirementsare:
[A] [R] [NR] DesignreviewshavebeenconductedLi with customerparticipation.
[A] [R] [NR] RequirementsTraceabilityMatrix or Table
[A] [R] [NR] Designof Experiments
[A] [R] [NR] Key Characteristicsverification
[A] [R] [NR] Analysisby Simulation
[A] [R] [NR] Comparisonw/ existingdesign
[A] [R] [NR] Performanceor Durability Tests
[A] [R] [NR] Calculations
[A] [R] [NR] Productionfeasibility andcompatibility studies
[A] [R] [NR] PerformanceQualification testunderoperatingconditions.

Li MANIJEACTUIUNG/ASSEMBLY CERTIFICATE ofCONFORMANCE
Li Initial build ONLY - ProductionReadinessReviews:
(ProductionValidation, First Article Inspection,PhysicalConfigurationAudit/Verification).
Reportsor testresultswhich demonstrateconformanceto designare:
[A] [R] [NR] ProductionReadinessReview completed Li with customerparticipation.
[A] [R] [NR] As-Built-Configuration
[A] [R] [NR] Key Characteristiccontrol
[A] [R] [NR] Processperformance(SPC)data
[A] [R] [NR] InternalInspectionresults: Li first-article Li in-process Li final inspection
[A] [R] [NR] AcceptanceTestdata
[A] [R] [NR] Final acceptance
Li Changes to customer pre-approved:
Li Materials Li Sub-tierSupplier Li Mfg./Assy LocationLi Mfg./Assy Process
Li All shipments: Numberof parts__________________ SerialNo./Lot #: ______ to ______

Li Productvariances/deviationsare notedon attacheddocuments.
Li Product is submittedin full compliancewith customerrequirements.

Lii affirm that this released design is in compliancewith customerForm, Fit, Function and
Interfacerequirementsas statedin abovecontract,Statementof Objectivesandstatutory&
regulatoryrequirements.
Li I affirm that productrepresentedby this certificationhasbeenmadeto customerdrawingsand
specificationsand programcontrol plan, asapplicable.

Li data Li report

_______________________________________________________Date: ______________

ResponsibleManagerordesignee
Li SEEADDITIONAL INFORMATION ON REVERSE SIDE
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5. Quality Systems
Objective: To provide for continuous improvement and variability reduction.

This requirementsdocumentwasdevelopedwith thecooperationof commercialindustry,
defensecustomersandcontractorsto establishagreeduponrequirementsfor Quality System
practices.TheseQuality Systemrequirementsarebasedon ISO Q9001andISO Q9004-1-1994
andbestcompetitivepractices.Theserequirementsdo not intendto specifyanationalstandard,

but allowthesupplierto selectanynationalstandardor develophis own methods,aslong as
they“meettheintent” of all customerand theBusinessPracticesManualRequirements.

Definition: A Quality Systemconsistsofestablished,documentedandmaintained,facility-wide
proceduresandprocessesthat emphasizeproductconformanceto requirements,defect
preventionandvariability reductionin anatmosphereof continuousevaluationandimprovement
duringaproductlife cycleto achievethehighestlevelsofcustomersatisfaction.

Therequirementsdevelopedin this documentareonly applicablewhenspecifiedin thecontract,

statementofwork or operationalrequirementsmatrix. The supplier’sown systemsorprocesses
mustmeettheintentof ISO 9001 or ISO 9002andtheserequirements.Therequirementsfor
policiesand/orproceduresareshownbelow.

Requirement Title Par.

1. 5.4 Quality SystemDocumentation 5.4
2. 5.5.2 Initial Lot Validation 5.5.2

3. 5.5.3 In-processInspections 5.5.3

4. 5.5.4 Final Inspection 5.5.4
5. 5.5.5 CustomerWitnessofFinal Acceptance 5.5.5
6. 5.6 NonconformingProductDeterminationAuthority 5.6
7. 5.7.1 RecordRetention 5.7.1
8. 5.8 ContinuousImprovement 5.8
9. 5.9 Cost-of-Quality 5.9

5.1 Risks Influence GovernmentRequirements

Theapplicationofadditionalproductperformancerequirementsand suppliercontrolsto a

contract,is associatedwith the level ofthe Government’srisk assumed.Themorerisk assumed
by thegovernment,themorecontrolrequirementsandoversightarerequiredofthe supplier.
Theserisks include(but arenot limited to) complexityofthe product,pastperformanceof
suppliersandmaturityoftheproduct.
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Themosteffectiverisk mitigation approachis afirm-fixed priceCommercialItemacquisition.
Commercialitems shouldnotrequireadditionalquality systemrequirements,testing,or supplier
certifications,107unlessthe existingproductdataor pastperformanceinformationis insufficient.

However,thegovernmentreservestheright to requireproofofconformanceto thesupplier’s
specifications.

5.2 Basic Quality SystemModel

Thisbasicquality systemmodel is equivalentto or meetsthe intentoftherequirements

containedin ISO Q9001-1994or ISO Q9002-1994.Theseelementsrepresenttheminimum
managementinfrastructureprocessesrequiredfor non-complexproducts.TheInternational
Organizationfor Standardization:ISO Q9001-1994Quality Systems-Modelfor Quality
Assurancein Design,Development,Production,Installation,andServicingcontains20 elements
includingrequirementsfor a CompanyPolicy, Quality Manualand18 documentedprocedures

and16 reportingrequirements.This standardis usedfor supplierswith designanddevelopment
responsibilityandis usedasthebasisfor varioussectionsof theBusinessPracticesManual
requirements.

ISO Q9002-1994 Quality SystemModel for Quality Assurancein Production,Installation,and
Servicingis usedfor the“build-to-print” contractwith nodesignordevelopmentactivity. Q9002
requirementsarethesameasQ9001,exceptfor Section4 DesignControls.

Thesupplierof low value,non-complexproductorcommercial-off-the-shelf(COTS),or other
commercialitems ornondevelopmentalproductsmaynotberequiredto demonstratean

“approved”quality system. Sucha supplierhasestablishedanacceptablequality programand
performancehistoryasindicatedby customer(market)acceptanceofits’ product. As the
productcomplexityandsupplierresponsibilityincreases,suppliersmustbecomecompliantwith
thesebasicquality systemrequirementsto beapprovedfor procurements.Whentheproductis

“build-to-print,” complex,high valueorcritical to systemperformancethecustomermayrequire
additional implementationofadvancedbestpractices.

Whenthereis nopreviousexperiencewith a supplier’sproduct,performanceor capabilitythe
basicquality systemmodel,Figure5-1 below, illustratesthe level ofdetail for aninitial
evaluationfor newsupplierswheremoreemphasison documentationLevelsI (Policies),II
(Procedures),andIII (Processinstructions)arerequiredto ensurethesupplierhastheproper
procedures,processesandcontrolsin place.

• Level I documentationtypically includes(a)missionstatement,(b) objectives,scope,and

approach,LJRM168](c) responsibilityandauthorityfor implementation,maintenanceand
auditing.

107 Memorandumfor StandardizationManagementActivities, CommercialItem Description May 2, 1996
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• Level II documentationtypically includesthequalitymanualandinternalprocedures.

• Level III documentationtypically includesProcessControlPlansandprocessinstructions.
• Level IV documentationtypically includes(a) continuousimprovementprogramand

reductionofproductvariationsand(b) productqualificationresultsandtestdata.

BASIC QUALITY ADVANCED QUALITY CONCEPTS .

Facility-wide (Sample)
Infrastructure ~.

(~s~ c,~ ~

‘C, C,r-i m m U m • Level of Detail
Business Policies and Mission I
Procedures I

Documentation
Level

II

Ill

IV

I I

•1 . . C —.

Contol?Ians~Vat~lI~tyR.ducflon

Testinci. Data. Results. In
I . iprovements

Li — — — — —

Figure 5-1. Quality SystemModel

Until newsuppliersprove theircapabilityto control theprocessandprovideacceptableproduct,
customersmayrequiremorein-housewitnessingorverificationsofcontrols. As experiencewith
a supplierincreases,asshownin theexistingsupplierlevel ofdetailbaron the right, thecustomer
oversightshouldbereducedand shiftsto reviewsofthesupplierLevel IV documentationand

advancedbestpracticessuchasControlPlans,processcontrols,variability reductionefforts,and
producttestdata. All ISO-certifiedsuppliersarerequiredto conductanannualself-assessment
for ISO registrationandacustomermayrequireacopy ofany self-assessmentsthat havebeen
conducted.’08

5.3 AdvancedBestPractices

LustOmer
SO0sfa•J~ Needs

Vajj

0 0 %~5C’~ ~Ct

On Veejo 0e~s

System
Effeeciveness Key chaeetenstics

Quality Design
En5ineering

J~flOWiedge

AdvancedbestPracticesprovidefor ateamfocuson
conformanceto requirements,robustdesignpractices,
productionprocesses,defectpreventionand variability

reductionin productsandprocessesthroughhighiy developed
andsophisticatedcontrols.

Thesebestcompetitivepracticeshavebeenadoptedby many
suppliersascompanystandardpractice. TheOriginal EquipmentManufacturers(OEM) or
defensecustomersfrequentlyrequireavarietyofthesepracticesto cementahigherlevel

TRW AutomotiveSupplierDevelopmentManual, pg. 11-3
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customer-supplierrelationship. OEMssuchas: Boeing- Dl ~90001~,Ford - Ql, automotive
industry - QS-9000,andMcDonnellDouglas- “Gold, Silver,BronzeSupplierCertification”are
examplesofthesepractices.

AdvancedBestPracticesmayrequiretailoring ofexistingprocessesto meetcustomer
requirements,dependingonthe complexityand criticality oftheproduct,thedegreeof

documentationrequiredandtheextentofflow downto subcontractors.Hence,therequirements
for AdvancedBestPracticesareusuallyspecifiedin theContractor StatementOf Objectives
(SOO)andareusuallyagreeduponpriorto final contractnegotiations.

5.4 Quality SystemDocumentation and Planning

The supplier shall describe their facility-wide Quality Systemmeeting the intent of ISO
Q9001-1994110or ISO Q9002-1994as indicated in the contract and Statementof
Objectives.

5.4.1 Quality SystemPlan

Whenthe supplier’sexisting quality systemsandproceduresdo notadequatelyaddressa

customer’srequirements,a qualityplanis developedin sufficientdetailandprovidedto the
customer.Theobjectiveof thisplanis to clearlydescribethesupplier’squalityorganization”’

andtheintendedapproachfor complianceofthesupplier’sandsub-tiersupplier’sQuality
Systemswith thecustomer’srequirements.Theplanmaybecombinedinto anoverallProgram
ControlPlan. This quality plantypically requirescustomerapprovalprior to implementationor
for changesaffectingtheintentoftheplan.

Thequality planconsists,at aminimum,oftheorganizationstructurewith definedrolesand
responsibilitiesandwrittensummary(listing) ofapplicablepoliciesandprocedures,andindustry

standardsbeingused.

5.5 Inspection and Testing

Thecustomerrequiredinspectionandtestingaredocumentedin thesupplier’squality
procedures.”2Specialcustomerrequiredinspectionsortestsaredocumentedin a controlplan.

BoeingDI-9000AdvancedQuality Systemsfor BoeingSuppliers®~~o ISO Q9001-1994 Par. 4.2.2 Quality SystemProcedures

SeeSection 1.0 OrganizationalandTechnicalInterfaces
112 ISO Q9001-1994Par.4.10 Inspectionand Testing
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5.5.1 Customer Surveillance and Inspection

Q~
Thesupplieris requiredto haveproceduresfor receivinginspection,In-
processinspectionandtesting,and final inspectionandtesting. In addition,

INSPECTION ISO providesfor customerverificationofproductatboth the supplier’sand
subcontractors”3facilities. Customersarepermittedto witnessthe inspection

andtesting,particularlyfor newproducts.This is usuallyaccomplishedduring theProduction
Validation(PV) phase.

Thedefensecustomerdelegatesbothsurveillanceandinspectionat supplierandsubcontractor
locationsto theirrepresentative,theDefenseContractManagementCommand(DCMC). The

currentDoD sourceinspectionphilosophyis to reducesourceinspectionwhenproduct
complexityis minimal orwhenthesupplier’sexistingdata,pastperformanceandquality records

warrantsuchadecision.On-goingcustomersurveillance(insight)ofthemanufacturingprocesses
shouldbe usedin lieu of inspections.

CAUTION: Thedefensecustomerreservestheright to inspectat thesupplierwhenacquisitionof
complexproducts,problemsin pastquality or deliveryperformance,or customerreviews
indicatesa needforfinal acceptanceat thesupplier.

Whencustomersurveillanceis required in thecontract,thesupplierandcustomermutually
establishaProgramControlPlanfor customerparticipationin designreviewsandverification,
productvalidation,or inspectionsprior to productionrelease.

5.5.1.1 Commercial Items

Productqualityof commercialitems”4 maybedocumentedusinghistoricalmarketsatisfactionor
processandtestyield data;therefore,no additionalinspectionor quality systemsarerequired.

5.5.2 Initial Lot Validation

First article validationfor initial buildsofcomplexor critical productsmaybe requiredby the

defensecustomerto verify conformancewith theproductrequirementsprior to the initial
productionbuild (ProductionValidationphase).“First articles”mustbe representativeofthe
productionrunsandmayincludeinitial productionsamples,first lot, pilot modelsorother

samplesasmutuallyagreedupon. First articleinspection(productionvalidation)doesnot
usuallyincludethecustomerandmaynot impedetheproductionflow. Therequirementbelow is
addedto includethe customeror theirrepresentative’sparticipationasawitnessofthe first

articleinspectionsandtestingby thesupplier.(SeeSection2.0 - DesignControls)

“~ ISOQ9001-1994 Par.4.6.4.2 CustomerVerification of subcontractedproduct Whenspecifiedin the contract
the customershallbe affordedtheright to verif~,’ conformanceatthe subcontractor’sand supplier’sfacility. Par.
4.10requiresthat all activitiesspecifiedin the quality planhavebeensatisfactorilycompleted.
Buying CommercialandNondevelopmentalItems: A Handbook- Chapter6, ProductAssurance
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The supplier shall provide for customerwitnessing of Initial Production Lot Validation.
Thesevalidation points and methods shall be documentedin the quality planning
documents.[JRM1 73]

5.5.3 In-processInspections

In-processinspectionsarerequiredperISO Q9002-1994Par.4.10.3. In-

processinspectionareusuallyconsideredto be aninternalprocessfor the
commercialsupplierandincludessuchactivitiesa:job set-upandverification

andprocessperformancemonitoring. In-processinspectionsaretypically usedwhereoperations
arenot monitoredby SPCandarecalled out in thecontrolplan. Recordsof in-process
inspectionsmustbe maintainedby the supplier. In-processinspectionsdo not usuallyinclude
thecustomerandmaynot impedetheproductionflow. Therequirementbelowis addedto allow
the customeror theirrepresentative’sto participateasa witnessto the supplier’s in-process

inspections.

The supplier shall provide for customerwitnessing of in-processinspections”5for product
key characteristics that are not controlled by SPC. Appropriate samplingmay be used
and defined in theProgram Control Plan.

CAUTION: Customeror representativein-processinspectionis NOTa commercialpracticeand
mayprecludecontractingwith commercialsuppliersor causean increasein theproductprice.
Theproductionflow maynotbe impeded. Thecustomeris usuallyallowedto “witness” the
productionprocess. If this taskshouldbe mutuallyagreedupon, the inspectionor witnessand
frequencyshouldbe clearlydefinedin thecontractor statementofobjectivesandin thesupplier‘s
programcontrolplan.

5.5.4 Final Inspection

Final inspectionandtestingarerequiredper ISO Q9002-1994Par.4.10.4. Final inspectionis
usuallyconsideredto beaninternalprocessfor thecommercialsupplierandincludessuch
activitiesasvisual,mechanicalandtestoperations,ensuringtraceabilityandproductrevisionis
correct,andperforminginspectionsandtestsperwork instructions. Oncetheprocessesand

instructionsare inplaceforproductionruns,thereis usuallyno needfor final inspectionand
testingasmanyoftheprocessesandin-line inspectionandtesting areautomated.Resultsofthe

final inspectionandtestarerecordedandmaintainedpercustomerrequirements.

“~ ISO Q9001-1994 Par. 4.10.3 In-processinspections
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The supplier shall provide a report of final inspection results and a certification”6 of final
inspectionfor each unique serial number or lot as indicated in the contract and Program
Control Plan.

5.5.5 Customer Witnessof Final Acceptance

Thecustomeris usuallyallowedto witnessor “observe”theproductionprocess.The

requirementbelow is addedto includethe customeror theirrepresentative’sparticipationasa
witnessto the supplier’sfinal inspectionand/oracceptancetesting. Theproductionflow may

notbe impeded.Appropriatesamplingmaybeusedanddefinedin theProgramControlPlan.

The supplier shall provide for customerwitnessingof final product inspection”7 and/or
acceptancetestingand a Certification”8 ofFinal Acceptancefor eachunique serial
number or lot as indicated in the contract and Program Control Plan.

CAUTION: Customeror representativewitnessingofFinal AcceptanceInspectionis NOTa
commercialpracticeandmayprecludecontractingwithcommercialsuppliersor causean
increasein theproductprice. If this taskshouldbe mutuallyagreedupon, the inspection/witness
andfrequencyshouldbe clearlydefinedin thecontractor statementofobjectivesandin the
supplier‘s programcontrolplan.

5.6 Nonconforming Product Determination Authority

Theobjectivefor controlof nonconformingproductis to preventfurtherprocessingofdefective
products,to reducefutureproductionreworkor replacementcostsandto ensurethat the
customerreceivesproductthatmeetstheperformancerequirements.To accomplishthis it is

necessaryto establishcontrolsfor the identification,isolation,anddispositionofdiscrepant
product. Thecustomermay wishto reviewandapprovethe supplier’sinternalsystemfor
controlofnonconfonningproduct.

In thedefenseenvironmenttheprocessfor controllingdiscrepantmaterialis

referredto as“MaterialReview”(MR). A defensecustomergrants
MaterialReviewAuthority (MRA) to a supplierwho hasdocumented
satisfactorycontrolsandproceduresarein placeto isolatedefective
product,conductmaterialreviewsandto disposedefectiveproductthat is
producedorprocured.

116

ISO Q9001-1994Par.4.10.4 Final Acceptanceinspection
“~ ISO Q9001-1994Par.4.10.4 Final Acceptanceinspection

ISO Q9001-1994Par.4.10.4 Final Acceptanceinspection
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The supplier shall allow for final determination by the customer,’19or their
representative, for “use as is” and “repair” dispositions and any major nonconformances.

5.6.1 Material ReviewMembers

Quality assuranceproceduresshouldclearlyaddressthequalificationsofthefunctionsinvolved
in the determinationprocessto ensurethat dispositionsaremadeby persons“competentto
evaluatetheeffects”’20 on form, fit, functionandinterchangeability.It is suggestedthat thecross-
functionalteambe includedasmaterialreviewmembersoradvisorsto dispositionproducts.The
teammembersrepresentvariousfunctions(design,purchasing,manufacturingandquality
assurance)that shouldbe advisedof thedefectanddispositionin orderto establishand
implementtimely andeffectivecorrectiveactions’2’ for processesthatcreatedthe defect. The
nextinternal customerin theprocessshouldalsobe awareof, acceptandagreeto a

nonconformingmaterialdisposition.

Thesupplier’snonconformingmaterialcontrolproceduresmustidentify responsibilitiesand
authority’22for acceptance,rejection,anddispositionofproducts.Whenmaterial review
authorityfrom thecustomeris required,thecompany’sproceduresmayrequiretailoring as

mutuallyagreedanddocumentationin thecontrolplanor otherappropriatedocument.

In eithercommercialindustryorgovernmenttheultimate customermayrequirethat thefollowing

dispositionsbesubmittedfor customerdeterminationofacceptability.
,, “

• “useasis or repair” dispositions
• wherethedefectimpactsproduct’sor system’sform, fit, functionalor interface

• all governmentcost-typecontracts,requirecustomerorrepresentativeapprovalfor any
materialreviewdisposition.

5.7 Quality Records

Identificationofrecordsto be retainedarefrequentlydevelopedwith the
customerduringtheadvancedquality planning. Quality recordsmaybe

submittedto thecustomerto demonstratesystemefficiencyor improvement,or asjustification

for reductionofcustomeroversight.

ISO Q9001-1994requires16 quality records:
Note: ISOParagraphsareshownin brackets[].

1. ManagementReviews [4.1.3]

2. Quality Planning [4.2.3h]

“~ ISO Q9001-1994Par.4.13.2 “... reportedfor concessionto thecustomer...“
120 ISO Q9004-l-1994 Par. 14.4 NonconformingProductReview

ISO Q9001-1994Par.4.14 CorrectiveandPreventiveAction
122 ReviewandISO Q9001-1994Par.4.13.2 DispositionofNonconformingProduct
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3.
4.

5.
6.
7.

8.

9.
10.

11.

12.

13.

14.

15.

16.

ContractReview [4.3.4]
DesignReview [4.4.6]

DesignVerification [4.4.7]
Sub-tiersuppliervaluations [4.6.2 c]

Controlof Customersuppliedproduct [4.7]

Traceabilityinformation [4.8]

ProcessControls [4.9]

ReceivingInspection [4.10.2.3]

InspectionandTestrecords [4.10.5]

Control ofInspectionand Testequipment [4.11,4.11.2]

ReviewandDispositionNonconformingproduct [4.13.2]

CorrectiveAction [4.14.2]

Internalaudits [4.17]

Training records [4.18]

5.7.1 Record Retention

Individual contractorsmayelectto keepquality recordsfor extendedperiodsto assistin product
trouble-shooting,warrantyissuesor asa self-protectionagainstfuture litigation. Theperiodfor
storageofrecordsshouldbe relative to theproductoperatinglife (20-45yearsfor someaircraft).

Supplier shall provide for Quality RecordsRetention and customeraccess,for the period
of time’23 as stated in internal company proceduresor asmutually agreed and defined in
the contract or statementof objectives.

5.8 Continuous Improvement

A continuousimprovementphilosophyis a “bestpractice”necessaryfor asupplierto remain
competitive,to reduceproductcostandto improvedelivery

performanceandthe levelofcustomersatisfaction.
• Key Characteristics A

ProcessControls
• Measurementsyst~~’
• Inspection & Te~~~tus

Meirics
Tz~jaing

The supplier shall establish,documentand maintain a
Continuous Improvement Program’24 that is applicable
throughout the organization and includes procedures,
instructions and reporting of product or processvariability
reduction efforts together with monitoring of key
characteristics.

23 ISO Q9001-1994Par.4.16 “Retentiontimes ... shall be establishedandrecorded... for a agreedperiod.
24 ISO Q9004-l Par.5.6 Quality Improvement
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Thecontinuousimprovementobjectivesandtools listed belowaretypical butnot anexhaustive
listings.

1. Establishcleargoals

2. Training

3. Recognitionof successes

4. DesignofExperiments(DOE)

5. ComputerModelingorSimuiation

6. Designfor ManufacturabilityorAssembly(DFM/A)
7. Process-proofing(Mistake-proofing)

8. Inspection/audit points

9. FailureModeandEffectsAnalysis(FMEA)

10. Performancerisk assessments

Total Quality ManagementTechniques

• Partspermillion analysis

• Paretoanalysis

• Causeandeffectdiagrams

• Flow chartsofcritical processes

StatisticalProcessControlsandControlCharts125

• Samplingtechniques

• Controlchartsin use

• Managementsummaryreports

Key ProcessParameterControls

• Processcapabilitystudies(Cp & Cpk)

VarianceReductionProgram(VRP)

• Variancereductionis a continuousimprovement“bestpractice”thatrelatesspecificallyto
design,manufacturing,assemblyandtestoftheproduct. Requirementsfor variability
reductioninstructionsarefound in theSection10 ManufacturingProcesses& Controls
VRP effortsaredescribedin theProgramControlPlan.

- NOTE.~ A productvariability reductionprogramis suggestedasa possibleareafor
supplieraward/incentivefee thatis mutuallyagreedupon.

5.8.1 Continuous Improvement Program Incentives

Variability reductionprogramsbenefitboththecustomerandthesupplierandassuchmay
includecontractualincentives.Continuousimprovementgoals,metricsfor measurementof

125 ISO Q9001-1994 Par. 4.20.2 StatisticalTechniques- documentedprocedures
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progressandfrequencyofreviewshouldbe mutually establishedbetweenthecustomerand
cross-functionalteammembers.The defensecustomerfrequentlyincludesanawardfeefor
variability reductionefforts.

5.9 Cost-of-Quality

Thecost-of-qualitytrackingis a “bestpractice”usedby world-classsuppliers.Theactualcosts

of keyprocessesaremeasured,trackedandcomparedwith previousperiodsto determinethe
effectivenessofpastcorrectiveactionsorcontinuousimprovements.

Costsrelatedto defectprevention,appraisal(for correctiveaction),failure (internalorexternal),
correction(rework/repair)and scrap,haveno equivalencein ISO Q9001-1994;but, ISO Q9004-
1-1994,Guidelinesfor Quality SystemsandManagement,Par.6.2.2,FinancialConsiderationsof
Quality Systems,discussesin detail thevalueof costofquality reportsto management.

Cost-of-qualitydatais usedby thedefensecustomerto determinethetotal life-cycle costofa
systemincludingpossibleaffectson maintainabilityandrepairs,evaluationof aquality program
effectiveness,andidentificationofcostdriversfor non-conformingproduct. Cost-of-qualitydata
andmonthiy reportingis suggestedasapossibleareafor supplieraward/incentivefeethat is

mutuallyagreedupon.

The supplier shall demonstratetheir Cost-of-Quality’26 measurementsystem including
internal managementreporting and trend analysis.

CAUTION: Cost-of-qualityreportingrequirementsareNOTa commercialpracticeandmay
precludecontractingwith commercialsuppliers. Suppliersareusuallywilling to demonstrate
their internalpracticesduring theinitial supplierselectionprocess.If this taskfor reportingof
cost-of-qualityinformationmutuallyagreedupon, thecontentandfrequencyshouldbeclearly
definedin thecontractor statementofobjectivesand in thesupplierprogramcontrolplan.

Cost-of-qualitydatausually includesPrevention,appraisalandfailure costsandmaybeshown
asapercentageof salesormanufacturingaddedcosts. Cost-of-qualityshouldbe collected,for
specificcontractsorproducts,on acontinualbasisandreportedat leastquarterly.

• Prevention:

- Inspection& testplanning

— Qualificationtests

— sub-tiersupplierdevelopment

126 ISO Q9004-1-1994Par.6.2.2 a) Quality-costingapproach
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• Appraisal:

— Inspections:Incoming,In-process,Final

— Inspection& testequipment

• Failure:
— Rework,repairor replacement,scrap(requiredby defensecustomers)

— External:warranty,lossofbusinessdue to customerdissatisfaction

— Other:productionyield, first passsuccess,downtime, lossofproduction

5.10 References

National standardsavailable

• AmericanNational StandardsInstitute(ANSI):

- ISO Q9001-1994,Quality Systems-Model, releasedAugust 1, 1994.

- ISO Q9004-1-1994Quality SystemElement- Guidelines
InternationalOrganizationfor Standardization(ISO)

- ISO-10006Guidelinefor Quality Assurancefor ProgramManagement(DRAFT)

- ISO 10012-1:1992QualityAssurancefor MeasuringEquipment

Commercial company’s standards

• BoeingAircraft Company

- Dl -9000AdvancedQuality Systemsfor BoeingSuppliers®
aregisteredtrademarkof BoeingAircraft Company

• Automotive IndustryAssociationGroup: (AIAG)

- QS-9000Quality SystemRequirements
- AdvancedProductQuality PlanningandControlPlanreferencemanual

DoD Handbooks

• CommercialandNondevelopmentalHandbook,April 1996,

- 0SD-StandardizationProgram Division
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6. Supplier Selection
Objective: To affect design,time-to-market, producibility, quality, profit and reputation.

This requirementfor sourceselectionpoliciesand/orproceduresaddressestheselectionof
qualifiedsuppliersandtheperiodicevaluationof theirpastperformance.Thetechnicalandcost

issuesthatareinvolvedwith down-selectionarenotaddressed.

Therequirementsdevelopedin this documentareonly applicablewhenspecifiedin thecontract,

statementofwork or operationalrequirementsmatrix127. Thesupplier’sown systemsor
processesmustmeetthe intentof theISO 9000seriesandtheserequirements.Therequirements

for policiesand/orproceduresareshownbelow.

Requirement Title Par.

1.6.1 SourceSelectionPolicies,ProceduresandPlanning 6.1

2.6.4 SupplierPerformanceRatingSystem 6.4

TheseSourceSelectionrequirementsarebasedon therequirementsestablishedby:

•lSOQ9001-1994 par. 4.6.2 Evaluationof subcontractors

•ISOQ9004-l-1994 par. 9.3 Selectionofacceptablesubcontractors

•ISO Q9004-l-1994 par. 9.8 Quality recordsrelatedto purchasing

Note: It is not requiredthatthecontractor’sSourceSelectionprocessbe basedon the
requirementsofISO 9000Quality Requirementsseries.Othernationalstandardsor the

supplier’sown practicesmayalsobeused.

6.1 Source SelectionPolicies, Proceduresand Planning

Thesourceselectionpoliciesandproceduresinclude:

• Internal Policies - level I documentation(SeeSection5.3 BasicQuality System)

• InternalProcedures- level 2 documentation(SeeSection5.3 BasicQuality System)

The supplier shall describe their internal processfor managementof Source Selection
Policiesand/or Procedures’28which ensurethat stated performance and reliability
requirements will be satisfied.

OrganizationalandTechnicalInterfaces BP RequirementsSection 1
28 ISO9001-1994 par.4.6 Purchasing

99



6.1.1 Source SelectionPlan

Whenthesupplierand sub-tiersupplierexistingsourceselectionproceduresdo not adequately
addresscustomerrequirements,aSourceSelectionPlanis developedandprovidedto the
customer.This planshouldclearlydescribetheorganizationandintendedapproachfor
compliancewith thecustomerrequirements.

This SourceSelectionPlanmaybe combinedwith theoverallProgramControl Planandconsists,
at aminimum, ofthefollowing.

• Organizationstructurewith definedrolesandresponsibilities
• Written summary(listing) ofapplicablepoliciesandprocedures,industrystandards

• Evaluationcriteria: technical,costandperformancefactors
• Subcontractorcontrols’29 (businesspracticeflow down requirements)

• Subcontractorperformancereviewsandaudits’30.

SourceSelectionmustbe basedon Technical,CostandPerformancefactorsincluding the
following.

• Thesupplier’stechnicalapproachmustbe acceptableand in compliancewith customer
requirementsand specifications,andnationalstandards.

• Costfactorsincludecompetitivecostandcostcontainmentinitiatives suchasdesign-to-
costandcontinuousprocessimprovement.

• Theperformancerisk factorsaddressthe supplier’s productquality, on-time delivery,
andresponsivenessto customerneedsandexpectations.

TheSourceSelectionPlanmay be assimple asreferencesto companyproceduresormayrequire
a detailedoutline with milestoneevents,dependingon theproductandprogramrequirements.
Thetypeandextentofsourceselectionplanningis dependenton thetypeofproduct,
complexityandcriticality andis usually requiredonly for majorsubcontracts.Thecontrols
placedon subcontractorsis also dependenton thetypeofproducttheyprovide,the complexity
andcriticality, andwhereappropriate,thesubcontractor’srecordsof previouslydemonstrated
capabilityandperformance.Referenceto existingplans in otherfunctionalareasis acceptable.
TheSourceSelectionPlantypically requirescustomerapprovalprior to implementationorfor
anychangesaffectingtheintentoftheplan. Figure 6-1. SupplierSelectionModel, depictsa
simplified supplierselectionprocessfor usedby a commodityteam. Theprocessbeginswith a
questionnairetogetherwith supportingdocumentation,submittedby thesupplierfor reviewby
theselectionteam. Theteamreviewsthedocumentationfor adequacyanddeterminesthe
suppliercapabilityto providetheproduct,basedon complexityandprior qualifications. If
necessaryasuppliersurveyis completed.Correctiveaction,if needed,is takenby thesupplier

29 1509001-1994par. 4.6.2 b ... type andextentof control ... oversubcontractors
130 ISO9004-1-1994par.9.8 Quality recordsrelatedto purchasing... availability of historicaldatato assess

subcontractorperformanceandquality trends.
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andapprovalis granted. Supplierperformancereportsaremaintainedandperiodicallyreviewed

for continuousimprovements.

—1

Figure 6-1. Supplier SelectionModel

6.2 Source SelectionTeam

It is recommendedthatcontractorsestablishaformal SourceSelectionteamfor high-dollar
procurements,complexproductsor theestablishmentof long term,preferredsupplier
agreements.A sourceselectionteamorcommodityteamis composedofacross-functional
group’3’ who aretechnicallycapablewithin theirareas,includingengineers,finance,
manufacturing,procurementandquality assurancepersonnel.Theteamshouldbeconvened

priorto PreliminaryDesignReview(PDR)or initial Bill-of-materialdevelopmentto
review/revisethoseitemsto beout-sourcedandtheirclassification.

Teamresponsibilitiesincludethefollowing.

• Establishingor tailoring ofthesupplierSelf-Evaluationquestionnairefor aspecific
commodity (par. 6.6 for Questionnaireinformation)

131 SeeSection 1.0OrganizationalandTechnicalInterfaces

Periodic
Reports to
Supplier
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• Determiningevaluationcriteria.jweighting/ relativeimportanceofquestions

• Assistingin the reviewof theproductclassificationfor sub-tiersupplierquality
requirements

• Participatingin questionnaireevaluationandon-siteevaluations
• Participatingin pastperformancerevtews.

• Participatingin establishmentofsupplierRelationships(par.6.8)

• Feedbackto supplierregardingself-evaluationshortfalls with correctiveactionrequired
prior to on-sitesurveyandregardingperformancereviews.

6.3 Facility Survey Requirements

A facility surveyis requiredwhentheproductcomplexityorcritical applicationswarrantsan
auditofsupplierprocesses.TheSourceSelectionPlanshoulddescribethecircumstancesthat

will requirefacility surveysto beperformed.

Theinitial auditshouldconsistoftheBasicQuality SystemandStatisticalProcessControls
(SPC)reviews. Dependingontheprogramphase,individual advancequality concepts(AQC)

mayalsobereviewedduringthe initial audit. Advancedquality conceptsthat areappropriate
andcritical to thedeliveryofconformingproductsmaybe auditedduringsubsequent

performanceevaluations.Thelevel of detailwill vary for newsuppliers,who haveprocedures
andinfrastructurebut havenotprovidedproducts. Forexisting suppliers,theemphasisshould
beplacedonadequateproducthistoricaldatawith lessemphasison infrastructure
documentation.(seesection5.3 Quality SystemsModel).

6.4 Supplier PerformanceRating System

The supplier shall describeand demonstratehow past performance information and
periodic evaluations are used in future source selectiondecisionsand the managementof
the existing supplier base.

6.4.1 PerformanceRisk Factor

Supplierratingsystemsgenerallyincludean objectivemeasurementofpastperformanceand

subjectiveevaluationsofasupplier’scompliancewith standardsandcommitmentto customer
satisfaction.Theseratingsareused,in varyingways,in the futuresourceselectiondecisionto
estimatethe potentialperformancerisks. Theobjectivenumericratingmaybe usedto “factor” a
supplier’sbid, illustrating the“total costofownershipvs. the totalvaluereceived.” The
subjectiveratingofthesupplier’scooperationandresponsivenessis alsotakeninto consideration
by the sourceselectioncommittee.Theseratingsmayalsobeusedto determinethe levelof
detailrequiredin auditsor theamountofsuppliersurveillancethatis warrantedbasedon past
performance.(Note: Themoremetricsthatareagreedupon,the lesscustomeroversightshould

berequired.)
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A pastperformancereportingsystemmayincludethe following.

• Objectiveelementssuchas:

- Productquality, including datafrom inspectionsperformedat incoming/receiving
inspection,at thesupplier,andrejectionsfrom theassemblyline that areattributable
to the supplier,

— On-timedeliveryperformance,basedon receiptdatefor acceptableproductas
comparedto thecontractualpromisedate.

• Subjectiveelementssuchas:

— Managementcooperationorresponsiveness

- Willingnessto shareinformation

— Costimprovementorcontrolgoals(design-to-cost)

- ContinuousProcessImprovementgoals.

Supplierswith no “pastperformanceexperience”shouldnot be penalizedunlessit canbe
demonstratedthatthelackof “product(technical)experience”would representahigherrisk to
thecustomer.

Thesesupplierratingsshouldbecentrallymaintainedandbeperiodicallyupdatedin adatabase
or reportingsystem. Productionsuppliersarereportedseparatelyfrom non-production
suppliersbutmayusethe sameratingsystem.

6.4.2 PeriodicEvaluation

Thesuppliershalldescribetherequirementandfrequencyfor subcontractorevaluations(par. 6.7
for registrationinformation.)

Theanon-siteauditmaynotbenecessarywhenthe supplierratingsystemis functioning
properly,on-time deliveryandproductquality is acceptable,andthe supplier’scontinuous
processimprovementgoalsarebeingmet.

Note: Supplierevaluationsby industrytakemanyformsfrom reviewingpastperformanceto re-
auditingat establishedperiods.

Thesuppliershouldbeevaluatedto ascertainproblemsthatmaybecausingpoorperformance.
Thefollowing circumstancesshouldrequireanaudit.

• Poorquality anddeliveryperformanceratingwithin past12 months

• Suppliernotmeetingagreedimprovementgoals’32.
• No productreceiptswithin last2 years

• Critical managementchangeshaveoccurred

• Facility relocatedandprocesscontrolschanged

132 Q5-9000 Attachment A, pg. 76
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An informationfeedbacksystemshouldbeestablishedfor all supplierevaluations.Past
performanceresultsshouldbe reviewedwith subcontractorsin the spirit ofcontinuous

improvement.

6.5 References

Thefollowing non-governmentstandardswerereviewedduring thedevelopmentofthese

requirements:

• AmericanNationalStandardsInstitute/AmericanSocietyfor Quality Control
- ISO 9001-1994Quality Systems-Modelfor Quality Assurancein Design,
Development,Production,installation,andservicing.
- ISO 9004-1-1994Quality managementandquality systemelements- Guidelines.

• QS-9000,Quality SystemRequirements,August1994 ChryslerCorporation,Ford
Motor Company,GeneralMotorsCorporation Quality SystemAssessment,Chrysler,
Ford, GM, August1994.

• SupplierRequirementsManual,TRW AutomotiveElectronicsGroup, April 1994.

• Audit PreparationandSurveyGuidelines,TRW AutomotiveElectronicsGroup,04/95.

• D1-9000®AdvancedQuality Systems®for BoeingSuppliers,1995.

• SupplierCertification,ClemsonUniversityCollegeof CommerceandIndustry,1991.

Thefollowing first tier Military requirementsdocumentswerereviewedduringthedevelopment

oftheserequirements.

• MIL-Q-9858A, Quality ProgramRequirements;
2/27/95: CanceledperOSD DSIC effective 10/96.

• MIL-STD-1535A, SupplierQuality AssuranceProgramRequirements,February1974.
CanceledperOSD DSIC 5/31/95.

• Air ForcePamphiet63-502,Guideto Air ForceAcquisition QualityProgram,Draft
datedJuly 20, 1995.

• PerformanceRiskAssessmentGroupDesk Guide,JointAeronauticalcommander’s
Group,Draft August31, 1995

Note: Thisattachmentis NOT arequirement,but is providedasapossible“bestpractice”.

6.6 Subcontractor Self-Evaluation

In preparationfor thesupplierselectionprocess,a self-evaluationquestionnaireshouldbe
developedfor specificcommoditiesby theproductteam. It is suggestedthatthis self-evaluation
questionnairerequiresthesupplierto input awrittenresponse,not a simple“yes/no” checkoff.
Theform shouldbeavailablein electronicformatto facilitateon-linecompletionby the supplier
andto establishanelectronicrecordfor futurereferenceatthecustomer.All newsuppliers
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shouldbe requiredto completethis self-evaluationandsubmitit to thecustomerfor theirreview.

This questionnairewill provideapreliminarylook at thesupplier’scapabilityandcontrols. Not
all supplierswill requirea facility survey,dependingon theproductcomplexityandownership
ofthedesign. A facility surveyshouldaddvalueto theselectionprocess.An extensive
questionnaireshouldprovidesufficient informationto justify placementofnon-criticalornon-
complexproductswith the candidatesupplier.

6.6.1 Businesspractices

Theself-evaluationshouldinclude:

• a writtendescriptionofPolicies& Practices
• copiesofmanualCoverpage,indexandrevisionrecordpagesonly; completedocumentsare

not required,but specificdocumentsof interestmayberequestedat a latertime or
reviewedduring afacility survey.

• amanagementvision andmissionstatements,organizationchartsandqualificationor
backgroundinformation.

- quality productsandcustomersatisfactionmustbe adriving forceswithin your
company.Provideevidenceofcustomersatisfaction,awardsand dates.

6.6.2 Basic Quality Systems

• DescribeStandardsusedfor yourbasicqualitysystems(ISO 9000)

• DescribeyourStrategicQuality Planningobjectives

• DescribeyourContinuousProcessImprovementinitiatives

6.6.3 AdvancedQuality Concepts

Describeanddemonstratewith examples,theanalyticaltechniquesusedto eliminatevariancesor
non-conformities(typical examples):

• StatisticalProcessControl (SPC)

• Controlcharts

• Quality FunctionDeployment(QFD)

• DesignofExperiments(DOE)

• Designfor Manufacturing(DFM)

• DesignVerification(DV)

• Critical PathMethod(Pert/Gantt)

• Benchmarking

• Cause& effectdiagram(fishbone)

• Productionpartapproval

• Manufacturingprocesscontrols

• Mistakeproofing

• Testcapability
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Attachment A - System Audits
Note: This attachmentis NOT arequirement,but is providedas“informationonly”.

6.7 SystemsAudits

Systemsaudits/surveysensurethat thesupplieris conductingbusinessin compliancewith their
establishedproceduresor control plansandthat thoseprocedures,processesandresultswill
meetthecustomer’srequirements.Theseauditsdo not relievesuppliersfrom ensuringqualityof

subcontractedparts,materialsorservices.’33 Eachcustomermustdeterminewhich approachis
acceptableto meettheirgoalsandobjectives.TheseSystemAudits include:

• A First-partyauditwhich consistsof an internal self-auditconductedby a ftinctionally
“independent”auditorto ensurethattheproceduresareclearlyunderstoodandperformed
by theemployees.

• A Second-partyevaluationis usuallyconductedby acustomeror industryassociation.
Assessmentsby othercustomersin asimilar industrymaybe acceptablewhenevidenceof
surveysis providedto thecustomerrequestingevaluation.

• A Third-partyassessmentis referredto asa Formalregistrationandis conductedby an
accreditedcertificationbody suchas:

-ISO
— National StandardsAuthority of Ireland

— UnderwritersLaboratory

— Othercertifiedaccreditationbodies

Note: Thereis no DoD orAir Forcepolicy requiringRegistration.

133 QS-QOOO par. 4.6.2 Note
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6.8 Supplier Relationship Levels

Note: This attachmentis NOT a requirement,but is providedasapossible“bestpractice

LeanAircraft Initiative (LAI) 8/95: LAI is aconsortiumofdefensecontractorsandacademia

which is led by MassachusettsInstitute ofTechnology(MIT). Theirpurposeis to identify the

bestpracticesin industrythat maybe adoptedin defensecontracting. Theexcerptshownbelow
istakenfrom theLAI SupplierFocusGroup. Figure2. SuggestedSupplierRelationsHierarchy
depictsthis objective.

• Overarchingpracticesin supplier selection: “Ingrained designprocesseswhich pro-
activelyinvolvespreferredsuppliersin part, processandperformancedecisionsfrom pre-
proposalthroughproductrealization”and “Substantialand increasingpercentageof dollar
volumetransactedthroughsupplierpartnershipsandlongtermagreements...

I Supplier RelationshiDsI

Figure 2. SuggestedSupplier Relations Hierarchy
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6.8.1 Strategic Alliance supplier

A strategicallianceis aformalagreementbetweencompanies,establishedatthecorporate
managementlevel,which offersa strategicadvantage(a.k.a.joint ventureorcooperative
agreements).

• Benefits:

— Corecompetenciesof eachcompanyareusedto obtainthe lowestcost,reductionof
risk, andhighesttechnologicalproductsto meetacustomersrequirementswith an
improvedtime-to-market.

• Responsibilities:
- Sharingofdesignanddevelopmentor supplycapabilities

- Sharingofproprietarytechnicalinformation

- Compatibletechnologicalproductsor processes

6.8.2 Certified Supplier

• Benefits:

- sameasPreferredsupplierPLUS

- periodicre-auditsarenot required

- (excludingnewprogramplansthatmaybe required)

— ship-to-WIP(Work-In-Processor Stock)
A DesignatedSupplierQualityRepresentativemaybeestablished,by thecustomer,
from thesupplier’sQuality personnelto acceptproductfor thecustomerat the
supplier’splant.

• Responsibilities:

- ContinuousProcessImprovement(CPI) goalsmet.

6.8.3 Preferred Supplier status

• Benefits:

- sameasQUALIFIED supplierPLUS

- Concurrentengineeringinvolvement

— Selectedby cross-functionalteam

- Long termagreementorcommitmentestablished

• Responsibilities:

- Advancedqualityplanningfor defectpreventionorvariationreduction,FMEA, etc.

6.8.4 Qualified Supplier status

• Benefits:

- Lot samplingusedatincomingquality control

• Responsibilities:

- Acceptableperformancehistory:Quality & Delivery
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6.8.5 Approved Supplier status

1) Benefits:

— Allowed to submitbidsfor newrequirements

- New suppliersbeginwith a PERFECTsupplierrating.

2) Responsibilities:

- 100%inspectionby incomingqualitycontrol

- probationarystatus; establisha provenquality history (below)

6.8.6 ProvenQuality History

Typical examplesfor establishinga “provenqualityhistory” include:

• TRWAutomotiveElectronics:

- 12 monthsasApprovedsupplier

• TRWAvionics SystemsDivision:

- 12 monthswith acceptableSupplierPerformanceRating

• LockheedMartinTacticalAircraft Systems:

- 6 monthsasApprovedsupplier

• BoeingDefense& SpaceSystems:

— eachsituationis determinedon it’s merits.

• McDonnellDouglas:

- 99%Quality & 99%On Time history for 12 months

• AT&T:

- 10 consecutiveacceptablelotsand6 monthsto proceedto next levels
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7. Procurement Controls
Objective: To provide material, supplies and servicesin an efficient and timely manner
to our internal usersand to provide clear communication of requirements, delivery and
acceptancecriteria to suppliers,while obtaining the best competitive price.

This requirementsdocumentwasdevelopedwith the cooperationofcommercialindustryand

defensecontractorsbestcompetitivepracticesandis basedon ISO Q9001,Par.4.6 and4.6.3,
andISO Q9004-l-1994.Theserequirementsdo not intendto specify anationalstandard,but
allowthe supplierto selectany nationalstandardor develophis own methods,aslong asthey

“meettheintent” ofall customerandBusinessPracticesRequirements.Therequirements
developedin this documentareonly “applicable”whenspecifiedin theContract,Statementof

Work orOperationalRequirementsMatrix‘s’. The supplier’sown systemsor processesmust
meetthe intentofISO 9002andtheserequirements.Therequirementsfor policiesand/or
proceduresareshownbelow.

Requirement Title Par.

1.7.1 ProcurementProcedures 7.1

2.7.4 ProcurementSystemEvaluations 7.4

7.1 Procurement Procedures

The supplier shall establish and maintain Procurement Procedures’35to ensureinternal
review and approval of procurement documents,and the proper communication of
contractual requirements,product requirements, and technical data to sub-tier suppliers.

7.2 Procurement Data

Procurementdatais definedasinformationcontainedin thecontract,subcontract,statementof
work, purchaseorderorothersuitableacquisitiondocumentsthatclearlydescribesto sub-tier

supplierstheproductbeingorderedincludingquantity,price,specifications,technicaldata,
contractualclauses,termsandconditions,quality systemrequirements,andacceptancecriteria.

Thefollowing procurementdatais consideredto be theminimumnecessaryfor proper
requirementscommunication.

• Productdescription’36

- Part number, Description or statementofwork

• Unit price

134 SeeSection1.0OrganizationalandTechnicalInterfaces

~ Ref. ISO 9001-1994Par. 4.0, 4.1.1,4.2.2,4.2.3, 4.6.2,4.6.3
136 Ref. ISO 9001-1994Par. 4.6.3
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• Quantityrequired

• Quality systemorproductquality level requirements’37

• Requireddeliverydate

• Paymentterms,FOB point (free on board)andpromptpaydiscounts

• Acceptancecriteria

- Certificateof conformance’38orwarranty

— Receivingorsourceinspection’3’

— Acceptancetestdata

— Qualificationtests

Note: Whereverificationofpurchasedproductatthesubcontractor’sfacility is required,the
suppliershallclearly specifythe requirementsfor acceptance.

7.3 DPAS Priority Rating

Defense-relatedprimecontractsrequirethe inclusionoftheDefensePriority andAllocation

System(DPAS’40)clausefor nationaldefenseprogramsandincludesany product,service,or
materialwhich requirespreferentialtreatmentorpriority basisoverall othercontractsandto
allocatematerialsandfacilities in suchamannerasto promotethenationaldefense.However,

theDPASpriority ratingshouldnotbe applicableto “commercialitems.”

CAUTION: UseoftheDefensePriority clauseis NOTa commercialpracticeandmaypreclude
contractingwith commercialsuppliers. If this taskis mutuallyagreedupon, thePurchaseOrder
Clause,requirementsfor Governmentsrights to affecta supplieror sub-tiersupplier‘s
productionschedulingand “acknowledgments”shouldbe clearlydefinedin thecontractor
statementofobjectivesandin thesupplier‘s programcontrolplan.

7.4 Procurement SystemEvaluations

The supplier shall provide evidenceof periodic, independent,internal Procurement
Systemreviews’4’ to ensurecompliancewith companypolicies and procedures.

Theprocurementsystemevaluations,significantfindings,correctiveactiontaken,feedback

providedto individualsinvolved andotherpurchasingmetricsshouldbesummarizedfor
presentationto managementandmaybe requiredfor submissionto thecustomer.

~ Ref. ISO 9001-1994Par. 4.6.3
138 FAR46.504 Certificateof Conformance... maybeusedin certaininstancesinsteadof sourceinspection

government’sinterest,small lossesin eventof defect,contractor’sreputationandpastperformance.
‘~‘ Ref. ISO 9001-1994Par. 4.6.4

FAR 52.211-15DefensePriority andAllocation Requirements(15 CFRPart700)

ISO 9001-1994Par.4.1.3 Managementreview
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CAUTION: Periodicexternalprocurementsystemreviewis NOTa commercialpracticeand
mayprecludecontractingwith commercialsuppliers. If this taskis mutuallyagreedupon, the
procurementsystemreviewshouldbe accomplishedduring theSupplierSelectionprocess. If
subsequentreviewsare necessary,theyshouldbe clearlydefinedin thecontractor statementof
objectivesandin thesupplier‘s programcontrolplan.

AttachmentA - 7.5 ProcurementMetricsReport (par.7.5) is shownto providesomeideasfor
procurementmetrics.
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Attachment A - Procurement Metrics
This Attachmentis NOT arequirement,but is intendedto providepossiblemetricsfor

continuousimprovementof theprocurementsystem.

7.5 ProcurementMetrics Report

Procurementmetricsshouldbe establishedby thesupplierandreportedto uppermanagementon
aperiodicbasis.Theintent is to providemeaningfulmetricsfor thesupplierto ascertainthat
propercontrolsoftheprocurementprocessarein placeandcontinuousimprovementand
correctiveactionactivitiesareeffective.

Thesemetrics(examplesbelow)maybeprovidedto thecustomerasdemonstrationof

procurementcontrolsto warrantreducedcustomeroversight. World classcompaniesuse
benchmarksto establisha baselinefor improvementmetrics.

Note: It is suggestedthata reportbegeneratedat aminimumon asemi-annualbasisfrom
informationcontainedin thesupplier’sexistingprocurementsystemandcontain2-3 pagesof
summarylevel informationto indicateprocurementtrendsascomparedto benchmarks

establishedor to internalcompanygoalsandobjectives.

Procurement Metrics for your consideration

1’ 4- indicatesan Increaseor Decreasein trendfor metric. Circle one.

Acquisition Cycle Time Reduction:

Objective:Reductionof acquisitioncycle time.

• Definition: CycleTime Reductionis theelapsedtime from whena requirementis identified
until the product is receivedin useableconditionand includes: Drawing release,Purchase
Requisition,Quotes,Supplierselection,DateP0placed,Receiptofproduct.

• EfficiencyoftheAcquisition(cycle) time: Goal: ______ ______ Cal.days 1’ ‘1-
Optimization of Supplier Base:

Objective: Establish“teaming” or“preferred” relationshipswith a fewselectsuppliersand
reducingthemarginalormediocresuppliers. Increasingthesupplier’sshareofbusinessby early
involvementwill providereducedcostsor improveproducts.

(Separateproduction,overheadandMRO suppliers.)

• Numberofproductionsuppliers: Goal: 14-
• NumberofStrategicor Certifiedsuppliers: Goal: _______ _______ I ‘1-
• AverageProcurement$ perproductionsupplier: Goal: $ I ~I-
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Procurement or Supplier-generatedsavings:

Objective: Reducedcostsfor supplier;reducedpricesfor customers.

• % of dollarsawardedby competition Goal: _____ ____% or [1 Not tracked

• Buyer-negotiatedsavings, New suppliers(competition),or
Designchangesrecommendedby yoursuppliers Goal: ______ $_______ Saved

• Costreductionbasedon CostImprovementgoalsestablishedwith customer.Percentcost
reductionfor procurements Goal: $_____ $ % Saved

Supplier Lead-time:

Objective: Improvecycle timesfor fastertime-to-market.

• Deliveriesthat mettherequestedon-dockor JITrequireddate.
(Wastheproductdeliveredwhenrequired?) Goal: _____% ______

• Is supplierdeliveryperformancetrackedin yourratingsystem? _________

AverageOn-Timedelivery: Goal: % % of lots On-Time 1’ 4-

DefectiveProducts:

Objective: Establishcontinuouslyimproving goals for supplier’sproductacceptanceat
receivinginspection,sourceinspection,orproductionline or field failures.

• Quality level for all suppliers Goal: ______ ____ PPM or % ‘1’ 4-
• DiscrepancyReportsissued: Goal: ______ _________ % 1 4-
• Returnsto suppliers:(Lots) Goal: ______ _________ % ‘1’ 4-

Socio-economicProcurement Summary:

• Small, DisadvantageBusiness Goal: ___________ % or [ ] Not tracked

• Minority Business Goal: ____________ % or []Not tracked
• Woman-ownedBusiness Goal: ___________ % or [ ] Not tracked

Results of Procurement Systemaudits

Objective: Demonstratethat propercontrolsarein placeandbeingreviewedby management
for reductionoreliminationof customersurveillance.Audits conductedsincethelast
periodic report.

Internal Corporate Audits

• Audit conductedby: __________________ Dateof Audit: __________________

• CorrectiveAction required: ______________ Dateof Audit: ____________________

External Customer Audit/Verification

• Audit conductedby: __________________ DateofAudit: ___________________

• CorrectiveAction required:
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8. Customer Property Controls
Objective: To ensurecustomersthat their property is being properly utilized and

protected.

Thesebusinesspracticerequirementsdo not intendto specifya nationalstandard,but do intend
to allow thesupplierto selectanynationalstandardordevelophis ownstandardmethodsaslong

astheymeettheintentof all customerandtheBusinessPracticesManualrequirements.

• Definition: CustomerPropertycomprisesanyplantequipment,orpersonalor real
property,ormaterialwheretitle is vestedin the customerandis subsequently
furnishedto a supplierforperformanceofacontract.

• Definition: SensitiveProperuvis propertythatis potentiallydangerousto thepublic
safetyor securityif stolenor lost, or is subjectto exceptionalphysicalsecurity,
protection,controloraccountability,includingnationalsecurityclassifieditems,
controlledsubstances,hazardousmaterials,orpreciousmetals.

Therequirementsdevelopedin this documentareonly applicablewhenspecifiedin thecontract,
statementofworkoroperationalrequirementsmatrix’42. The supplier’sown systemsor
processesmustmeetthe intentofISO 9002andtheserequirements.Therequirementsfor
policiesand/orproceduresareshownbelow.

Requirement Title Par.

8.1 Customer Property P6licies,ProceduresandControlPlan 8.1

8.3 CustomerPropertyIdentification,CareandReporting 8.3

8.4 Disposalof CustomerProperty 8.4

Note: Government-FurnishedProperty(GFP)or Customer-FurnishedProperty(CFP) is
referredto in this manualasCustomerPropertywhenthepropertyis suppliedby acustomer
who is either theGovernmentor an OriginalEquipmentManufacturer(OEM) or anyhighertier

in the supplychain.

Thesecustomerpropertymanagementpracticesarebasedon ISO Q9001-1994Par.4.7,the

National PropertyManagementAssociation,the AerospaceIndustryAssociation(AlA)

recommendations,andindustrycompetitivepractices.Thesepropertymanagement

requirementsdirectthat suppliersestablishandmaintainproceduresandpracticesto protectand

managecustomerproperty.

Theserequirementsassumethatacommercialsupplierwill beperformingagainstafirm, fixed-

pricecontractto provideproductsto theGovernment.

~42 OrganizationalandTechnicalInterfacesBP RequirementsSection1
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Note: Whenthe productis providedundera Government,cost-typecontract,the customer-

suppliedpropertydefinition includesproductsacquiredby thesupplierfor usein development,
manufacture,testormaintenance.

Thefollowing customerconcernsarethebasisfor thesebusinesspracticerequirements:

• Customerpropertymanagementsystemprocedures

• Usagelimited to contractintent (Comminglingofinventory)

• Maintenanceof customerproperty

• Reportinglossordestruction(RecordsandReporting)

• Returnof property(Contractclose-out)

Othercontracttypes,facilities andthe supplier’sacquisitionof Government-ownedproperty
mayrequireadditionaloversightandreportingrequirementsunderthecurrentregulationsandare
notdiscussedhere.

8.1 Customer Property Policies,Proceduresand Control Plan

A policy statementregardinguseof customerpropertyonly asauthorizedmustbe includedin
thepoliciesorprocedures.

The supplier shall describetheir internal processfor managementof customer-owned
property’43 which ensuresthat statedperformanceand reliability requirements will be
satisfied.

8.2 Customer Property ManagementModel

Figure8-1. PropertyControlModel is a simpleoverviewof the3 elementsnecessaryfor an
adequatepropertycontrol systempropertycontrolproceduresandprocesses,propercareand
useofpropertywhile in possession,andfinally disposalof customerpropertyaccordingto their
instructions. Thesuppliermayusea manualtracingsystemormayusecomputerizedtracking
with anendresultableto retrieveor reportthe statusofthecustomerspropertyat any time.

‘~‘ ISO 9001-1994par.4.7 Controlof Customer-SuppliedProduct (procedures)
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Requirements

#1- PROPERTY MANAGEMENT PROCEDURES
Customer or Supplier owned Assets

-PROPERTY CONTROL PLAN

SPECIAL CUSTOMER
REQUIREMENTS &

REPORTS

Property includes: Customer-Furnished Equipment,
Tooling, Material, Parts, Software or Test Equipment
OR a suppliers Capitalized Assets

• Supplier Tool Record
• Annual Inventory report
• Customer Approval of System
• Security
• Hazardous materials

#2-IDENTIFICATION, CARE & REPORTING

F~RF]
lAcQUISmONI

Optional
PROPERTY

RECORDS
(hardcopy)

J

I
b) C~

C)

rMuttJlIr LUL~RE3UE~IIE’4V~N lUll

I • Bldgs, Bays, cribs
Sub-contractors

#3-

j• Consumed
j • Transfer

• Scrap
Sell or Trade-in

to Customer

— —

— —

Figure 8-1. Property Control Model
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8.2.1 Property Control Plan

Whenthesupplier’sexistingpropertycontrol systemsandproceduresdo not adequatelyaddress
a customer’srequirements,a PropertyControlPlanis developedto clearlydescribethe

organizationandintendedapproachfor complianceofthe supplier’sandsub-tiersupplier’s
propertycontrolsandmay becombinedwith theoverallProgramControlPlan. A Property
ControlPlantypically requirescustomerapprovalprior to implementationorfor anychanges

affecting theintentofthe plan. A typical plancontainsthesupplier’sproposedmethodsfor
addressing,at aminimum,the:

• Supplier’s internal controls including (a) policies, Procedures,national or industry
standardsused,(b) organizationalstructurewith definedroles andresponsibilitiesincluding
points-of-contact,and (c) maintenanceplan when special maintenancerequirementsfor
customerpropertyexceedthesupplier’snormalmaintenanceprocessand,

• Project-uniquehandlingand storageof customerproperty suchas (a) classifiedproducts,
hazardousmaterials,or preventionof comminglingof customerandsupplierproperty, (b)
reporting requirementsor annualproperty reports, and (c) supplier’s property records
constitutethe official propertyrecordsuniessanexemptionis authorizedandreleasedfrom
liability.

8.3 CustomerProperty Identification, Care and Reporting

Customer-ownedpropertyshouldbecaredfor in thesamemannerasthe supplier-owned
property. Customer-ownedpropertyis identifiedon receipt,labeledpercustomerinstructions,

andis not physicallycommingledwith othercontractmaterialnorwith thesupplier’smaterial.
Reportingrequirementsaredeterminedby mutualagreementandaredocumentedin a Property
ControlPlan.

The supplier shall:

a) verify’” the identify and condition ofcustomer property upon receipt
b) provide proper care,maintenance,and storageof customerproperty

c) ensurethat customerproperty is not physically commingledwith other product,
either customer-ownedor from other sources,and that the customerproperty is not
usedin other contracts’45

d) maintain a recording and reporting systemto track customerproperty to include
receipt at the supplier, inventory transactions(issuesand receipts),scrap, loss,
damage,location and returns

e) track and report customerproperty in the possessionof subcontractor

ISO9001-1994 par.4.7 Controlof Customer-SuppliedProduct (verification)
ISO 9001-1994par. 4.15.3 Handling,Storage,Packaging,Preservation& Delivery.
ISO 9001-1994par. 4.7 Control ofCustomerSupplierProduct
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8.4 Disposal of Customer Property

The supplier shall dispose’” of customer-ownedproperty according to customerwritten
instructions at conclusionof the contract or when no longer needed,whichever is sooner.

Therequirementfor coordinationandcommunicationwith a governmentpropertyclearingofficer
is determinedby mutualagreementandis documentedin a PropertyControl Plan. Useof

government-specifiedformsis usuallynecessary.

8.5 References

Nationalstandardsavailable

• AmericanNationalStandardsInstitute(ANSI):
ANSI/ASQC Q9001-1994,Quality Systems-Model, August 1, 1994.

• Automotive IndustryAssociationGroup (AIAG):
QS-9000Quality SystemRequirements

• NationalPropertyManagementAssociation(NPMA): PropertyManualDRAFT

• AerospaceIndustriesAssociationof America:

GovernmentPropertyControl recommendations8/96 DRAFT

8.6 ReferenceInformation Only: RequirementsMatrix

The businesspracticerequirementsweredeveloped,by referencingthe 16 requirementsstatedin

FAR 52.245-3andtheAerospaceIndustriesAssociationrecommendedFAR re-write
requirementscontainedin theDraft dated8/96.Table8-Ishowsthecorrelationbetweenthethree
requirementssources(ISO, FAR, & AlA).

Requirementsbasedin ISO Q9001-1994areshownin BOLD.

146 FAR 52.245-2Reqmt(i) Final Accountinganddisposition...
FAR 45.6 Reporting,Redistribution,andDisposalof ContractoryInventory
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REQUIREMENTS ISO Q9001-1994
Other Nat’I Stds

(AlA Draft 8/12/96)

CUSTOMER PROPERTY CONTROL
16 REQUIREMENTS per
FAR 52.245-3 re-write 8/96

Policy Statement AlA Draft #5 1) use only as authorized
• FAR 45.102 (c); 45.509-2

PROCEDURE Q9001: 4.7 procedures
AlA Draft #16

2) Document procedures
. FAR 45.502 (a); 52.245-2 (e)(2)

IDENTIFICATION AlA Draft #3,#1 1 3) identify and entered into
Property System - FAR 45.506;
52.245-3

RECEIPT &
INSPECTION

Q9001: 4.7 verification
AlA Draft #2

4) inspected upon receipt
. FAR 45.502-1

CARE Q9001: 4.7 maintenance
AlA Draft #6

5) maintenance is scheduled,
performed and recorded FAR
45.509-1

CARE Q9001: 4.7 storage
AlA Draft #12

6) handling & storage is
appropriate for property FAR
45.509

Customer Reqmt:
Loss Report

Q9001: 4.7 lost, or
damaged
AlA_Draft_#8
Ref. Q9001: 4.15.3
AlA Draft #4

7) Reporting Lost, stolen, damaged
property

Inventory & Storage
records

8) inventory distributions and
returns are controlled

Recording &
Reporting

Q9001:4.7 recorded
AlA Draft #3

9) records are accurate and timely
. FAR 45.505a; 45.505-1; 45.505

14
Recording & Reporting

(INVENTORY)
AlA Draft #7 10) periodic physical inventory

• Inventories: FAR 45.508 (based
on established practices)

• Multi-contract cost and material
control: At least annually per FAR
45.505-3 f. 1. vi

REPORTING Q9001: 4.7 lost, damaged or is
otherwise unsuitable

11) scrap is recorded
FAR 45.505-8

Tracking & Reporting Q9001: 4.7 lost, damaged or is
otherwise unsuitable

. material consumed or scrapped

is recorded FAR 45.505-8

Tracking
Spcl Customer Reqmt

Ref. Q9001: 4.6.2b ... define
type and extent of control ...
over subcontractors.

AlA Draft #13

12) subcontractors comply with
requirements 45.502, 45.504c,
45.505a, 45.510 52.245-6 (k)

DISPOSITION AlA Draft #14, 15 13) report when property is no longer
needed FAR 45.102 (f);
45.502(g); 45.6

Table 8-1. Basis for CustomerProperty Control Requirements
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SpcI Customer Reqmt
Supplier Selection.

Ref.: Supplier Select.

Ref. 09001: 4.6.2a Evaluation
of ... ability to meet
subcontract

AlA Draft intro.

1) customer approved property
system

. NOT REQ’D in FAR Re-write

. FAR 45.104, 45.502(a); 45.511

Spcl Customer Reqmt
SECURITY or
HAZMAT

AlA Draft #12 (store & secure) 2) special security for classified or
sensitive (or hazardous) property
CLASSIFIED PROPERTY
SEE PLANT SECURITY FAR
52.204-2 requirement in contract.

Table 8-1. Basisfor Customer Property Control Requirements(Continued)
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9. Handling, Storage, Packaging & Delivery Control
Objective: To avoid product damagein manufacture, storageand shipping.

Handling,storage,packagingand delivery oftheproductsrequiresprotectionof its form, fit, and
functionduringmanufacturingor assemblyandduringshipmentandstorageatthe customersite.

Theserequirementsareadequatelyaddressedby theISO 9001 standards.Commercialpractices

tendto satisfymostshipments,but uniquecustomerrequirementsmayrequireadditional
instructionsfor markingof packages,or unusualenvironmentalconditions. Theseinstructions

areusuallyfound in the statementof objectivesor thecontract. This is anareawhereaclear

understandingby both partiesis important. The requirementsdevelopedin this documentare

only applicablewhenspecifiedin thecontract,statementof work oroperationalrequirements
matrix147~ The supplier’sown systemsor processesmustmeetthe intentof ISO 9002andthese

requirements.

Requirement Title Par.

• •9.1 HandlingandPackagingPolicies,Procedures 9.1
• •Packaging 9.2

• •9.3 Bar Coding 9.3

• •9.4 Handling,PreservationandProtection 9.4

9.1 Handling and PackagingPolicies,Proceduresand Planning

The supplier shall describe its internal Handling and packaging procedures’48, processes,
standards,and teststo ensurethat products are handled, stored,preserved,packaged,
labeled,documented and shipped in a sufficient manner to prevent damage,deterioration,
degradation, loss,or substitution ofthe product and to otherwiseprotect theForm, Fit or
Function of the product.

9.1.1 Handling and PackagingPlan

Whenthesupplierexistinghandlingandpackagingsystemsandproceduresdo notadequately

addressa customer’srequirements,aHandlingandPackagingPlanis developedto clearly
describethe organizationand intendedapproachfor complianceofthesupplier’sandsub-tier
supplier’shandlingandpackagingcontrolsandmaybe combinedwith the overall ProgramCntrol

Plan. A HandlingandPackagingPlantypically requirescustomerapprovalprior to

implementationor for anychangesaffectingthe intent of theplan. TheHandlingand Packaging
Plan consists,ataminimum,of adescriptionof the supplier’sinternalcontrolsincluding: (a)

PoliciesandProcedures,Nationalor IndustryStandardsused,(b) organizationalstructurewith

definedrolesandresponsibilities,and ability to meettheproject-uniquepackagingrequirements.

OrganizationalandTechnicalInterfaces BP RequirementsSection1ISO9001-1994Par.4.15 Handling,Storage,Packaging,Preservation,andDelivery
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9.2 Packaging

The supplier shall packagethe product for protection after final inspection and test,
during delivery of the product to the customer,’49 and during storageat the customer’s
facility in conformanceto federal and staterequirements and to the customer
requirements as stated in the contract.

Note: Additional defensecustomerhandling,storage,packaging,preservationanddelivery
instructionsmaybe found in theperformancespecificationor statementof work.

Mostdiscrepanciesfound in receivinginspectionarefrom thelack ofproperdocumentation,test

dataorotherpackinginformation. Thesesimple“paperwork problems”alsoaffectthe
supplier’sperformancerating. Thecostof ownershipis increasedfor eachrejection.

• Ref. ISO 9001 Par. 4.7 The supplier shall establish and maintain documented
proceduresfor the control of verification, storageand maintenanceof customer-
suppliedproduct. ISO9001 Par.4.15.3 Thesuppliershallusedesignatedstorageareas
or stock roomsto preventdamageor deteriorationof product,pendinguseor delivery.
ISO 9001 Par. 4.15.4 The supplier shall control packing,packaging,and marking
processes(including materialsused)to the extentnecessaryto ensure conformanceto

specifiedrequirements.

9.3 Bar Coding

Bar coding ofthe external packaging is required. Bar code symbologyshall be as
specified in the statementof objectivesor product performance specifications’i”.

9.4 Handling, Preservation and Protection (ESD)

As applicable,sensitiveelectronic devicesshall be protected from electro-static, electro-
magnetic,magneticand radioactive forcesby properly safeguardedwork stations and
properly outfitted personnelduring fabrication, assembly,testprocessingor packaging,
and by the useof electrostaticdischarge protective packagingmaterials during storage
and shipment.”’

• Ref. ISO 9001 Par.4.15.5 The supplier shall apply appropriatemethodsfor preservation
andsegregationofproductwhentheproductis underthe supplier’scontrol.

‘“ ISO9001-1994 Par.4.15.4 ‘...conformanceto specifiedrequirements.”

SO ISO 9001-1994Par.4.15.4 Packaging

MIL-STD-2073DoD StandardPracticefor Military PackagingPar.4.1.1;
MIL-STD-130 IdentificationMarkingof US Military Property(StandardPractice)

150 9001-1994Par. 4.15.5 Preservation
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9.5 References

Thefollowing Non-GovernmentStandardswerereviewedduringthedevelopmentof these

requirements:

• ISO 9001-1994 Quality Systems-Modelfor Quality Assurancein Design,Development,
Production,Installation,andServicing
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10. Production Process Control

Objective: To optimize processyield

The businesspracticeobjectiveis to establishmanufacturingprocessesandcontrolsrequirements

thatareacceptableby commercialsuppliersfor defenseacquisition. Performance-based

requirementsarecontainedin theproductspecification. Manyof thedesign,quality and
reliability “control points” arediscussedin othersectionsof this manual.

• Definition: Manufacturingprocesscontrol is thefunctionaldisciplineof measuring,
observing,reportingandmanagingthe outputof manufacturingor assemblyoperations.

• AIAG AdvancedProductOuality Planning

:

Operationsmaybe controlledby, but arenot limited to, StatisticalProcessControl,
inspection,attributedata,mistake-proofing,andsamplingplans.

The requirementsdevelopedin this documentareonly applicablewhenspecifiedin the contract,

statementof Work or OperationalRequirementsMatrix’52. Thesupplier’sown systemsor
processesmustmeetthe intentof ISO 9002andtheserequirements.

Requirement Title Par.

1.. 10.1.1 ManufacturingPlanning 10.1.1

2. 10.1.2 Approval of Manufacturingor AssemblyProcesses 10.1.2

3. 10.1.5 ProcessCapability Study 10.1.5

4. 10.2.1 ReportingProcessControlsand Improvements 10.2.1

5. 10.3 Demonstrationsof OperationalControls 10.3

6. 10.4.1 Variability ReductionInstructions 10.4.1

The intent of this documentis to inform the potentialsupplierof someof the morevalue-added

processcontrolsbeingusedin commercialindustry andin defense-relatedacquisitions. It is
importantto notethat thecustomerdoesnot intend to specify“how to” but doesexpectthe
supplierto adequatelydefinehowtheyintendto controlthe processesthatwill producea
productthat meetsthe customer’sperformancerequirements.

Manufacturingprocessesandtheircontrolsarean integralpartofthedevelopmentofhardware
product. A cross-functionalteam’53 includingamanufacturingrepresentativeis convened.The

teamresponsibilitiesincludecontractreviews,customerrequirementsdefinition, conceptual

design,anddevelopmentof aManufacturingProductionPlan.Theplan includesprocess
Controls,Scheduling,ShopOrders,VisualAides, Quality, ProductionFlow, Material Staging,

152 OrganizationalandTechnicalInterfaces BP RequirementsSection I
‘~ SeeSection1.0 OrganizationalandTechnicalInterfaces
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MaintenancePlans,andKey Characteristicswhich maybe affectedduringthemanufacture

process.

Manufacturingmanagementconductsperiodic reviewsof operatingsystemsperformancemetrics

(par. 10.1.4.). Customerrequiredmanufacturingprocessauditsandapprovalsareestablishedand
documentedin aProgramControl Plan. Commercialcustomerauditsaretypically conductedon

an as-requiredbasis;usuallywhenoneof theproductionor quality trackingmetricshasfallen

belowan acceptablelevel. Thesemetricsandcontrol limits areusuallyestablishedby the

customerandmutually agreeduponby supplier. Processimprovementobjectivesaremutually

establishedandmayconsistof short term objectivessuchas theUpperControl Limits (UCL) or

LowerControl Limits (LCL) for SPCcontrolledprocesses,andlong term customer-mandated

improvementsin theproductionprocesses.Generally,no manufacturingprocessstatusreports

arerequiredby commercialcustomers(par. 10.2.1.).

Figure 10-1. ManufacturingProcessControlModel illustratesatypical overviewmanufacturing

processdevelopmenttimephasedduringaproductlife cycle. The red (dark)symbolsindicate

productioncontrol activitiesor reportsthatmaybe requiredby the customer.The yellow (light)

shadedareasindicateactivities thatmayinvolve thecustomer,specificallywith cross-functional

teamsandwith respectto the customerreviews

In this processthedesignteamreceivesthe customerperformancerequirementsandbeginsthe

conceptualdesign. Cross-functionalteamsareestablishedincludingthe manufacturing

representativeto identify key characteristicsandmanufacturingprocessesthatmay affect them.

Processdevelopmentcontinuesin parallelwith theproductdetail designphaseusingdesign-of-

experiments,prototypemodels,andproductsimulation. Manufacturingdocumentationis

establishedfor controlplans,operatorinstructionsandvisual aides. All manufacturing

documentationis reviewedat the ManufacturingReadinessReview(MRR) to ensurethe

customerthat controlsarein placeto produceacceptableproduct. Final iterationsof the

manufacturingdocumentationaremadeduringtheproductandprocessValidationjust prior to

releaseto production.
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PRODUCT PHASE (Life Cycle):

AWARD - CONCEPT PHASE PRODUCT DESIGN & PROCESS DEVELOPMENT PHASE

( CROSS-FUNCTIONAL TEAM Design, Manufacturing, Material & Processes. Ouality, Purchasing. Reliability, Logistics, Supplier, Customer )

10.1 Processand Control BestPractices

ManufacturingProcessandControlbestpracticestypically found in world-classcompaniesare

shownin Figure2. This “fish-bone”or“causeand effects”figure depictsthecontributorto
productquality andcustomersatisfaction:(a) mangement,(b)manpower,(c) methodsand

controls,(d) materials,(e) machines,and (f) measurementandmonitoring.

ManagementPractices

Thesupplier’smanagementanswersthequestionsof Who, What,When,WhereandHow. The
managementfunctioninitiates thefront-endplanningandperiodicperformancereportingto
companyownersandcustomers.In addition to normalconsiderationsfor adequatebudgets,

compliancewith Federal,Stateand Local GovernmentSafetyandEnvironmentalRegulations’54
andwith customersrequirements,managementmustalsoprovide (a) a suitableframeworkof

documentedprocedures,instructions;’55andworkmanship 56 (b) amplefacilities for
staging,fabrication,assembly,test,storageandshipping;(c) equipment’57(machinesandtest

~ 1509001-1994Par.4.9 (c)... compliancewith referencestandards/codes
QS9000Par.4.9 b: Compliancewith governmentsafetyandenvironmentalregulations

‘~ 1509001-1994 Par.4.9 (a)...documentedprocedures
156 150900 1-1994 Par.4.9 (f) ... criteriafor workmanship
157 150 9001-1994 Par.4.9 (b)... useof suitable...equipment,andsuitableworking environment....

r - - Freld data Feedback CONTINUOUS IMPROVEMENTS .

a —
I~IEICONCEPTUALL.I,..I PRODUCT DETAIL & FINAL DESIGN #6

I Wanufact.EL...b~ DESIGN l(Variability• r..~,
• ....p.roduction, I (Internal) rReduclion

• n~, . Design of Experiments

I Process Control Plan

Figure 10-1. Manufacturing ProcessControl Model
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equipment)capableof producingthe requireddimensionaltolerancesor productfinishes; (d)
Electro StaticDischarge(ESD) Controls,which mayincludeconductiveflooring, wrist and/or

toe/heelstraps,andclimatecontrol to reduceelectronicdischargeof components;and for (e)

minimizationofpartsandproducthandlingand flow.

e
Manpower Machines

Cross-functionalTeams Tooling& Fixtures
Empowerment ToleranceControl

Skill Levels PreventiveMaintenance
Training Set-up

Management
Compliance
Pro-active
Planning

Approvals
Reporting
Reviews

In-line test
FailureAnalysis
GageRepeat& Reproduce(R&R)
In-processInspection
SPC
ContinuousImprovement
Variability Reduction

Figure 2. Manufacturing Processand Control Best Practices

10.1.1 Manufacturing Planning

Advancedplanningby the manufacturingorganizationis thekey to improvingproductyield by

reductionof thecausesfor variation. Typicalplanningmayinclude:

• ProcessControlPlanningis apart of the overall productionPlan.

• CapacityPlanningdeterminesmanufacturer’sability to reactto customer’slong term needs.

• Material Planningincludesthe selectionof compatiblematerials& components,and
inventorycontrolsto ensurethat thecorrectmaterial,which hasbeenproperlyacceptedfor

use,is availableto productionwhenandwhererequiredfor subsequentoperations.

Methods &
-ocumentedProcesses

9Capability Study
ProcessParameter M&P Eng.
Work Instruction (Chemistry & MetalIurgy7~
Visual Aide Shelf Life (Stability)
Mistake-proofing Availability on Shop Floor
National Standards Cycle Counts

& Monitoring
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The suppliershouldhaveprocesscontrols58in placeto assureconsistencyin quality, reliability

andperformanceof theproduct. Specificprocesscontrolsdependon the type of productbeing
produced.Wherecustomerrequirementscausethesupplierto modify their processes,modified

capabilityrequirementsshouldbe documentedin the ProgramControlPlan.

The supplier shall describe its internal manufacturing procedures,processes,standards,
and testswhich ensurethat stated performanceand reliability requirements will be
satisfied.

Whenthesupplier’sexistingprocesscontrolsystemsandproceduresdo not adequatelyaddress

acustomer’srequirements,aProcessControlPlan’59 is developedto clearlydescribethe

supplier’s intendedapproachfor complianceof thesupplier’sandsub-tiersupplier’ssystems.

This planmaybe combinedwith the overall ProgramControl Planandtypically requires

customerapprovalprior to implementationor for anychangesto theplan.

The ProcessControl Planconsists,ataminimum, of theorganizationstructurewith definedroles

andresponsibilitiesandawritten summary(listing) ofapplicablepoliciesandprocedures,
nationalor IndustryStandardsbeingusedandthe following elementsasapplicable:

• Ultimatelydrivesthequality of theproductandshouldbe basedon theexpectationsof
customers.Workmanshipcriteria is established,basedon nationalStandardssuchasIPC-
610andANSI J-STD-001, or supplier-developedcriteria andmustbeadequately
documentedandcommunicatedto all employees.

• Key productor specialprocesscharacteristics

— Identificationof customer-identifiedKey Characteristics,usuallyindicatedin the
drawingsor statementofobjectives.

— Identificationof supplier-identifiedprocessspecialcharacteristics,usedin
manufacturingor assemblythatmayaffect theproductperformanceor requirements.

— Minimum capabilityofeachprocessparameterin the manufacturingprocess(Cpk)

that mayaffect a productkey characteristicsor performance.(par. 10.1.4)

— Key characteristicsusuallyrequire 100%pass/fail,manualorelectronictesting(see

Appendix B - SpecialCharacteristicsGuideline).

58 1509001-1994Par.4.9 (d)... monitoringandcontrolof suitable processparametersandproduct

characteristics;
Q59000: AdditionsperAutomotiveQuality SystemRequirementsdesignation,documentationandcontrol of
specialcharacteristics.

Par.4.9.1 ProcessMonitoringandOperatorInstructions
Par. 4.9.2 PreliminaryProcessCapabilityRequirements

• Par. 4.9.3 OngoingProcessPerformanceRequirements
• Par. 4.9.4 Modified Capability Requirements(CONTROL PLAN)
• Par.4.9.5 Verification ofJob Set-ups

59 • Par.4.9.6 ProcessChanges
QS-9000Par.4.9.6 Modified CapabilityRequirements
PARTS MANAGEMENT AIAA R-l00-1996,JUNE 1996 DRAFT PAR. 3.2.3.2
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• Controlsin place(inspection,test,samplingplans)duringnormalmanufacture.

• Shorttermcorrectiveactionsto be takenshouldtheprocessgo out of control.

• Internalmanufacturingpracticesthatcontrolforeignobjectdamageto theproductor
subsequentinstallations.

10.1.2 Approval of Manufacturing or Assembly Processes

During thedevelopmentandimplementationof the manufacturingprocess,it is requiredthat the

supplier’smanagement,togetherwith the customer,establishprocessreviewpointsto assurea

minimumrisk to thecustomerandminimizationof costsand labor incurredby thesupplier
throughreductionof testing,inspection,rework, andscrap. Typically, thesereview pointsare

duringManufacturingReadinessReview(MRR) and/orProductionValidation(PV). These
reviewpointsshouldbedocumentedin the overall ProgramControlPlan.

The supplier shall establishprocessreview points, notify the customer,and obtain
approval’” asrequired prior to any processchangesthat affect the product form, fit,
function or interface requirements.

Note.- Processchangesinvolving themanufacturingengineerandtheextentof the changeaffecting

productform, fit, functionor interface,mayrequireConfiguration/ChangeControl Board(CCB)

approval.

10.1.3 Manpower Practices

Thissectionis intendedto illustratesomeof the leanenterpriseor bestpracticesbeingusedby

world-classcompanies.

Manufacturing PersonnelInvolvement

The cross-functionalteamwill evaluateandincorporateinto themanufacturingplanningas

appropriate,thelessonslearnedin productandprocessdevelopment.Manufacturing
representationon cross-functionalteamsis necessaryfrom thedesignphasethroughthe

warrantyperiod. Teamactivitiesmayincludethe following.

• Designfor Manufacturingor Assembly(DFM/A)

• ProcessFailureMode andEffectsAnalysis (PFMEA)

• Risk Analysisfor new materialsandprocesses,or state-of-the-artdesigns

• Manufacturingand Processfeasibility

• DesignFailureModesandEffectsAnalysis(DFMEA)

• DesignValidation (DV)

60 ISO 9001-1994Par.4.9 (e) ... approvalof processandequipment,as appropriate...
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• ManufacturingReadinessReview(MRR)

• ProductionValidation(PV)

Training and Certification

Optomizationof theemployee’scapabilityis accomplishedby trainingandemployee
certification. Any personhaving to do with productquality must be adequatelytrainedby

experienceor educationto performtheir tasks. Training’6’ shouldincludeexecutivemanagement,
supervision,andtechnicalpersonnelandshouldprovidefor themaximumutilization of
personnel.A flexible workforcecapableof performinga variety of tasksprovidesgreater

schedulingcapabilityandthe ability to movepeoplefrom oneareaof expertiseto anotherwhen
illness,vacationor othermanpowercapacityrestraintsoccur. Both training andrewardsare

necessaryto establisha successfulskill basedwork force. Sometypical techniquesfollow.

• On-The-JobTraining (OJT)
• Manufacturerclassesfor equipmentoperation

• Tradeor technicalschools

• Professionalassociationcertifications

• Nationalaptitudetests

• Solderschool
• Mechanicalability

• Skill development

Certificationof employeeskill levelsto performmultipleduties,operateequipment,maintain

equipment,andtrain othersshouldbe established.An operatorsre-certificationis establishedat

pre-determinedintervals. A skill-basedpayincentiveprogramsmaybe establishedto incentivize

the worker; themoretasksapersoncanperformin the company,themore paytheyreceive.

Operator Empowerment

Empowermentis abestpracticethat requiresasupportivemanagementstyle thatencourages
effectivecommunication,trainingfor improvement,establishesclearandattainablegoals,and

recognizesimprovementbehaviors.Employeesshouldbe empoweredto corrector stopany

processthatreceivesor developsinferior product. Theseemployeesareoften thebestpeopleto
suggestprocessimprovements.

10.1.4 Manufacturing ProcessMethods and Controls

ProcessFailureMode and EffectsAnalysis(PFMEA) is a risk managementprocessusedto
assessthe level of control thatis necessaryon the manufacturingprocesseitherby redesign,
mistakeproofing, inspectionandtest, or to identify thoseareasof highrisk to the product. All

16t ~ 9001-1994 Par.4.18 - Training.
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FMEA activity is to be completedprior to production. Any high volumeprocessshould

seriouslyconsiderthe useof PFMEAs.

Process Capability
Cpk

Defects per Million wI
CENTERED
PROCESS

SIGMA
o

1.00 2700 3 Unstable Process.
Below Requirements
100% Inspection Req’d

1 .33 63 4 Non-complex part/assembly.
Minimum Critical & Safety
Characteristics

1 .67 0.6 5 Critical & Safety Characteristics
2.00 0.002

2 parts I Billion
6

Table 1. Cpk-PPM-Sigma Comparison

ProcessesAffecting Key Characteristics

All keycharacteristicsshouldbe addressedandidentifiedin theProcessControlPlan. Controls
for key characteristicsshouldbe includedin Processsheets(Work OrdersandRoutings). A Key

Characteristiccontrolledby a manufacturingprocessrequiresto measurethecapabilityand

stability of theprocessduringthe manufacturingcycle. Processcontrolsshouldremainin place

until theprocesscansustainaminimum 1.33 Cpk.

Identification of processeffectson the product

The suppliermayuseseveraldifferenttechniquesto determinethe effectsof processingon the

productandthe endproductcharacteristics.Thesetechniquesshouldbe appliedfor theend

product’skey characteristicsaswell as the overall productperformancerequirements.

Techniquesincludethefollowing.

• ProcessFailure ModeandEffectsAnalysis (PFMEA)

• AssemblyBuild Variation Analysissimulatesthebuildupofan assemblyandexamines
toleranceaccumulation,statisticalparameters,sensitivity.

• CharacteristicMatrix displaystherelationshipsbetweenprocessparametersand
manufacturingstations. andidentifiestheextentof manufacturingrelationshipsto process
parametersandtheareasto applycontrolsfor agiven parameter.

• Designof Experiments’62(DOE) is aprocessto control andreducethe effect of
manufacturingprocessvariationson theendproduct.

• Causeand EffectDiagramalsoknownasfishboneorIshikawadiagramsis usedto
identify thecauseof productvariations.

62 AdvancedProductQuality PlanningandControl Plan Pg. 46. 82
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Theresultsof thesetechniquesestablishestherelationshipbetweentheendproductkey

characteristicsandperformancerequirementsandthosemanufacturingprocesscharacteristics
which affectthe endproduct.

10.1.5 ProcessCapability Study

Theprocesscapabilitystudies(alsoknownas‘‘processcharacterization’’)addresstheability of
themanufacturingprocessto maintaincontrol of theendproductthroughoutmanufacturing.
Processcapabilitystudies(characterization)arerequiredto ensurethat themanufacturing
processis capableofproducingaproductwith thekey characteristicsundercontrol. A process
capabilitystudydeterminesthe limits within whicha tool or processoperatesandthe statistical
calculationofthevariationbetweentheprocessspecificationsandits actualperformance.These

studieshelpto definethe level ofcontrol, test,andinspectionnecessaryfor eachcharacteristic,
bothprocessandproduct,andareusuallyconductedduring theequipmentqualificationand
whenequipmentis initially setupor moved.

Thefollowing practices,determinedduringcustomerrequirementsreviewsandengineering

evaluations,maybe usedto establisha processcapability. Thesepracticesrequirethatthe
processbe measuredandtrackedfor trendanalysis.

• Processflow charts

• Pre-qualificationof material,equipment,Computersystemsandsoftware,procedures,
personnel(operators),andmanufacturingprocesses,’63

• Processcapabilityindex (Cpk) is determinedwith processparametersandcontrol
points.
• Partcharacteristicsandprocessparametersareincorporatedinto controlplan.

• Environmentalissuesaffectingcomponentsandprocesses

• In-processinspectionpoints.

• Designof Experiments

All processesaffecting a critical or Key Characteristic shall require a Cpkl.33. When
theseprocessesare less than 1.33, the supplier shall submit a plan and schedulefor
attaining a Cpk =1.33~. The supplier may alternately chooseto perform 100% in-
processproduct inspections.

A statisticallystableprocessoutputhasan inherentvariancewithin arangeof 6ci (sigma). This

in indicatedby:

• Cp = Theprocessvariationrelativeto process/machinespecificationis known
asProcessCapability Index. Cp = Tolerancewidth / processcapability.

63 ISO 9004-1-1994Par. 10.2 ProcessCapability
164 QS-9000Ford SpecificRequirement.page68
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• Cpk = Theprocessvariationandcenteringrelativeto thespecificationsis know
asCenteredProcessCapability Index. Relationshipoftheprocessmeanandthe
specificationlimit.

• Ppk = Theperformanceindexwhich is comparedwith eitherCp orCpkandis
usedto prioritize processimprovementsover time.

A processcapabilityindex (Cp, Cpk) is definedas±3o(6 standarddeviationtotal = 6o) spread
of processmeasurementstakenaftertheprocesshasbeencharacterizedandis stabilized. A
processwith an outputcapabilityindex (Cpk) of 1.33 will produce63 defectivepartsper

million.

Documentation of assemblyinstructions

Processcontrolinstructionsarerequiredto ensurethatproductquality andreliability are
consistent.The manufacturingprocesscontrol planningincludesprocessflowcharts,

manufacturingshoporders,andvisual aidesandshould indicate,attheapplicableoperation,the

key characteristicthat may be affectedby aparticularoperationor.processwith thenecessary
inspections,tests,or observationsthatmustbe madeprior to continuingwith theprocess. An

automatedprocessmight requireoperatorinterventionto indicatethat thepropercontrolshave

beencompleted,in order to continuein theprocessflow.

Mistake-proofing (Poka-Yoke)

• Definition: Mistakeproofing65is theuseofprocessor designfeaturesto
preventmanufactureofnonconformingproduct. Whenpotential sourcesof
nonconformingproductareidentifiedby FMEAs, capability studiesandfield reports,
thesesourcesshall be addressedusingmistakeproofingmethodologyduringthe
planningof processes,facilities,equipmentandtooling.

Mistake-proofingtechniqueswithin theprocessreduceopportunityfor humanor machineerror

by useof simpledevicesusedto detector avoiddefectssuchaschecklists,guidepins,tooling
holes,countersto ensurecorrectnumberof partsorcyclesprocessed,limit switches(go-no-go),
or moresophisticatedautomationofmanufacturingoperations,alarmsfor automatedin-process
testing,andfinally amanualinspectionperformedasan automaticpartofthemanufacturing
process.

10.1.6 Manufacturing Material Compatibility with Product

It is theresponsibilityofthematerialsandprocessesengineeringactivity to develop,select,and
implementmaterialsandprocessesthat arecosteffectiveandcompatiblewith theproductbeing
manufactured.Muchof thisactivity occursduringthedesignand processdevelopmentcycle.
Additionally, dedicatedprocessengineersmaybe responsibleto supportcommonprocesses

65 Q59000 Pg. 55

140



acrossavarietyofproducts.A bestpracticefoundin both defenseand commercialindustryis
thecontrolandverification prior to usein manufacturingor re-certification,for materialthat is

subjectto deteriorationasa resultof exposureto theenvironment(air, heat,light, ormoisture),or
haslimited shelflife in storageor aftermixing. Thesecontrolsorpracticesmayincludethe
following.

• Storageandlabelingof materialin a controlledenvironment

• Date for materialis adequatelydocumentedanddisplayedexpiration

• Effectiverecall systemfor materialeitherwith ornearingexpiredshelflife.

• Prohibitionof materialwith expiredshelflife for usein production
• Dry storageandmoisturebake-outof circuit boardsprior to assembly.

• Propercuring timeduringassembly.“starttime” and“endtime” mayberecordedin the
shopcontroldocumentationor computersystemfor theapplicableoperation.

Examplesof suchmanufacturingmaterialsandprocessesinclude:

Materials Processes
solder soldering
fluxes cleaning
adhesives material dispensing
conformal coatings stencil printing
printed wiring laminate conformal coating
printed wiring finishes adhesive bonding

lead forming
tinning
shelf life re-certification

10.1.7 Machine Suitability, Verification and Maintenance

Perform Tooling Verification

Evaluationof newtools orgages.New tooling maybe testedatthetool supplierprior to delivery

to determineit capability(Ppk)andthenagainafterthe toolhasbeeninstalledtheproduction
flow. Manufacturingengineersshouldconductpre-qualificationproductbuildsto ensurethatthe
machineorprocesstolerancesarebeingmaintained.

• Ref. 10.1.5 ProcessCapabilityStudy (par. 10.1.5).

Verification of Job Set-ups

Verificationofa set-upis necessaryto ensuresuccessfulprocessing.Methodsofverification
that shouldbe availableto theoperator,mayincludethefollowing.

• Instructionsfor eachmachineorprocessincludingparameters

• SetupProcedures
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• Set-upverificationat startofeachshift by visually inspectingfirst piecethroughthe
process
• Visual aidesorgraphicspicturing theassemblyor characteristic

• Workmanshipstandards

• Trainingrequirements

• Labelingof kits, boardassemblypanels,processcontrols

• Machine-readablebar-codeordot-matrix labelsaffixed to subassemblypanelsduring
manufacture.Theselabels,togetherwith ComputerIntegratedManufacturing(CIM)
systemsarecapableof ensuringthattheproperpart is selectedand insertedinto the panel,
anddetectingmissingor wrongcomponentsinstalledin a location(referencedesignator).
(Note: Thebar-codelabel maynot beappropriatefor all processesor for processesthat
arenot controlledby automation).

In-processVerification

Eachprocess-ownershould inspecttheirownwork to ensurethat inferior productis not sentto
the nextoperation. First pieceinspectionis particularly importantwhenthereis a line set-upor
changeof shift. On-goingobservationoftheassemblyprocessandrandomsamplingproducts
will ensurethatacceptableproductis forwardedto thenextoperation.

Establish PreventiveMaintenance Program

A maintenance programwith periodicrecall is necessaryfor key processequipment.Most
maintenanceprogramsarebasedon manufacturer’srecommendationsbut mayrequiretailoringas

appropriatefor theparticularapplicationandconstraints.

10.1.8 ProcessMonitoring

Processmonitoringmaytakemanyformsandthesuppliershoulddeterminewhat is appropriate
for theirproductsanddescribetheprocessmonitoringprogramin theirManufacturingControl
Plan. Someofthemajormonitoringtechniquesincludethefollowing.

• • ProcessFailureModesandEffects(PFMEA)
• Automatedin-line testing,in-processinspectionby manufacturingpersonnel,not QA

• • SPCrequireselectionof statisticaltools’67 andknowledgeof basicstatisticalconcepts
• Continuousimprovementsto designguidelinesandprocessesis an ongoingeffort

processandproductmeasurementandtrendanalysis.

166 ISO 9001-1994 Par.4.9 (g) suitable ofequipment...
Q59000 Par.4.9: ... scheduledmaintenance,andpredictivemaintenancemethodsfor key processequipment

67 ISO 9001-1994 Par.4.20 StatisticalTechniques

142



Measurement (Gages)

Manycalibrationstandardsexist for gagerepeatabilityandreproducibility(R&R). Equipment
usedfor productinspectionandacceptancemustbe controlled,calibrated,andmaintainedwith
referenceto anationalstandard’68.Thesuppliershould describetheir gageR&R (calibration)

programin theirManufacturingControl Plan. Thekey requirementfor gageR&R arethat the
equipmentis scheduledfor verification of accuracy(calibration)andis taggedwith expirationdate

for effectiverecall.

Note: MIL-STD-45662CalibrationhasbeenCANCELED2/95. Possiblereplacementis

ANSI/NCSL Z-540.1 or ISO 10012

10.2 Operational and ProcessControl Reporting

Managementreporting’69includesperiodicinformationthat is providedto the supplier’sinternal
management.Thereportsor presentationsaregenerallyconsideredto be competitionsensitive

andmayincludethefollowing generaloperationalmetrics.

• Shipmentsvs. schedule:On-timedelivery to theexternalcustomer

• Sub-tiersupplierperformance:On-timedeliveriesandqualityofproductsandtheuse
ofpastperformancedatain futuresourcingdecisions

• Processyields by productor by productline

• Inspectionresultsincludingdeviationsandcorrectiveactions

• Scrap,rework,repaircosts

• Warrantyclaimsor customerreturns

• Labororprocessefficiencymetrics

• Evidenceof SPCresultsin managementdecisions

• Resultsof internalauditsandstatusofany necessarycorrectiveactions

10.2.1 Reporting ProcessControls and Improvements

Externalreportingis usuallynot providedby commercialsuppliers. Occasionallycustomerswill
require,on an exceptionbasis,veryhigh level reportsdepictingthecontrolhistory for a specific
processthat is relatedto theirproducts. Thesereportsshouldbe in thesupplier’sexisting

format. Typical examplesofreportsthatmayberequiredinclude:

• Progressmadetowardsmutually establishedprocesscapabilityor continuous
improvementgoals,

• Resultsof correctiveactionsrelatedto customerproducts

168 ControlISO 9001-1994 Par.4.11 ofInspection,Measuring,andTestEquipment
169

150 9001-1994Par.4.1.2.3 “... reportingon theperformanceof the qualitysystemto thesupplier’s
management...“
Q59000Pg. 65 - AEN/Ford Quality OperatingSystem(QOS)
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• Documentationshowingcompliancewith customerrequirementsfor controlofkey
characteristics,

• SPCreportsfor processescontrollingproductkeycharacteristicsand,

• Cost-of-qualityreports (Ref. Quality SystemsSection5 “.. internalmanagement
reportingandtrendanalysis”).

The supplier shall provide ProcessControls reports on an exception basis,asspecified in
the contract or Statementof Objectives.

CAUTION:Requirementsfor SPCreports or Cost-ofQuality reportsareNOTcommercial
practicesandmayprecludecontractingwith commercialsuppliers. Reportswhichcontain
“competitionsensitive” informationor requireadditional reportingsystemsmustbemutually
agreedupon. Thecontentandfrequencyofall reportsshouldbeclearlydefinedin thecontractor
statementofobjectivesandin thesupplier’sprogramcontrolplan.

10.3 Demonstrations of Operational Controls

During thesupplierselectionor product/processdevelopmentcycles,customersmaywish to
havea demonstrationoftheprocesscontrolsand internalmanagementinterfacesthat are
routinely usedin thefacility. Demonstrationsfor selectionby acustomermayrequireevidence

to thecustomerbusinesscontrolmetrics,manufacturingSPCcontrolcharts,orothertrend
analysisdemonstrationsfor processescontrollingproductkey characteristics.Whenthe
customeris a memberofthecross-functionalteam,manyof thesereportswould notbe required.

The supplier shall provide operational and processcapability demonstrationsto the
customerasspecified in the contract or Statementof Objectives.

10.4 Variance Reduction Program

Variationofkey productcharacteristics’70orkey processparameterswill eventuallycause

defectsthatgo undetecteduntil asubsequentoperationresultingin a decreasedproductquality
andincreasedproductcostscausedby rework,repairor scrap. VarianceReductionProgram
(VRP) is a continuousimprovementbestpracticethat relatesspecificallyto design,
manufacturing,assemblyandtestof theproduct. VRP is establishedprior to any processing

activity, to improveproductperformance,reliability, cost,andreductionof manufacturingcycle
times by identificationofcustomeror supplierkeycharacteristics(Kcs), reductionof process
variation throughtheuseofstatisticaltools,specialtestequipment,computer-aided

manufacturing,’7’operatorinstructions,and implementationof othervalue-addedtechniques.

170 Ref.IBP HandbookAppendix B - Key Characteristics
171 Ref.http://www.bmpcoe.comExpertSystemsfor ReducingRisk
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10.4.1 Variability Reduction Instructions

Variability ReductionInstructions(VRI) for eachcustomer-specifiedKey Characteristicare
referencedon thedefensecustomer’sproductdrawings,or includedin thedesigndocumentation,
re-procurementpackageor producibility plan. TheVRI recordsthefrequencyofprocess
interaction,observationor trackingtechniqueandany documentationrequiredto be completedat

eachprocesscontrolpoint. All key characteristicsmustbe designatedusingmutuallyagreed
uponsymbolsby the supplierand customer.

Thecommercialsupplierimbedsthesespecialinstructionsinto theirprocessfailure modeand
effectsanalysisandwork ordersorprocessinstructions. Unique operationnumbersareassigned
to processesrequiringspecialcontrolpointsandmethods.Theseinstructionsareavailableto

eachoperatorasnecessaryandmayincludethefollowing majorheadings.

• Process/inspectionguidelines

• Control /critical parameters

• Setup/shutdownprocedures

• Trainingrequirements

• Trouble-shooting

• Processcontroltableandflow chart

• Visual aides

Variability Reduction Instructions shall be included in manufacturing instructions or
other processcontrol documentswhich emphasizethe control of Key Characteristics.

CAUTION: Thelinkageofa keycharacteristicon thecustomersdrawingto a Variability
ReductionInstructionin thesuppliersmanufacturingdocumentationis not availablewith
commercialsuppliers. Theirprocesscontrolplan andinstructionsshouldadequatelyident~fr
eachkeycharacteristicandthemethodofcontrol, standardused,andfrequencyofmonitoring.
The intentofthe f/RI will be met, butnot thedocumentlinkage. The VRI informationis not
providedto thecustomer.

10.5 References

INTERNET ACCESSREFERENCESin AppendixC
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10.6 Attachment A - Military SpecificationsAffecting Manufacturing

For referenceoniy. This tableprovidesprocesscontrolstandard’sstatusasof 1Q97 andmay
notbe all inclusive.

DOCUMENT TITLE STATUS
DoD-HDBK- 265 ESD CONTROL PROGRAM CANCELED (11/89)

S/S MIL-STD-1 364 Canceled 4/95 no S/S
Note: See DoD-H DBK-263 (7/94)
MIL-STD-1 686_(10/95)

Replace with DoD-HDBK-263
8/8/96 Future acquisitions refer to MIL-STD

498
10/95: Converted to Standard Practice MIL

STD-1686C.
4/19/95 OSD/DSIC: Convert MIL-STO

1686B to standard practice nIt 12/95.

DoD-STD- 1686
(See MIL-STD-
1686 in
5PTA3242)

Document exists only as
reference in data base
(DODISS)

MIL-C-28809 CIRCUIT CARD ASSEMBLY CANCELED 4/21/95 DODISS OSO/OSIC
Canceled by NOTICE I w/o Replacement

MIL-I- 8700A
(2/92)

Installation and Test of
Electronic Equipment in
Aircraft

3/98 Active DODISS
Ref IPC-610
Ref: ANSI J-STD-001

MIL-P-1 1268L
(3/97)

PARTS, MATERIAL &
PROCESSES

3/98 Active DODISS
12/95: SPO - DELETE contract reference

MIL-PRF-55110F
(5/97)

PRINTED WIRING BOARD,
GENERAL SPEC

3/98 Active DODISS
MIL-P-55110 Replace w/ National Standard

IPC-D-275 and IPC-RB-276
1/29/96: DODISS: QPL-55110-44, dated

9/26/95, PRINTED WIRING BOARD,
RIGID, GENERAL SPEC.

4/19/95 OSD/DSIC: Convert to PRF Spec
by 10/95

Misc. REF:
ANSI/IPC-600D,
I PC-RB-276,
IPC-D-275
ISO 9100
PC 610

IPC 900
MIL-S-45743E SOLDERING, MANUAL

TYPE, HIGH REL.
CANCELED 2/27/95 OSD/DSIC by NOTICE

2, Refer to MIL-STD-2000A
9/8/89 DODISS: Inactive

MIL-S-46844C SOLDER BATH soldering of
PWA

CANCELED 2/27/95 DODISS OSD/DSIC
by Notice 2, Superseded by MIL-STD
2000A.

MIL-546860B SOLDERING OF METALLIC
Ribbon Lead Material to
terminal

CANCELED 2/27/95 DODISS OSD/DSIC
BY NOTICE 2, Refer to MIL-STD-2000A

MIL-STD- 410 NONDESTRUCTIVE
TESTING PERSONNEL &
CERTIFICATION

CANCELED 12/31/97 DODISS
S/S NAS 410
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DOCUMENT TITLE STATUS
MIL-HDBK- 454
(5/28/97)

ELECTRONIC EQUIPMENT,
STANDARD GENERAL
GUIDELINES

MIL-STD-454M CANCELED 5/28/97
Replaced with Handbook.

Replace wI National Standard
Ref. IPC-61 0
Ref. ANSI-J-STD-001

5/4/95 DODISS: Superseded by MIL-HDBK
454

2/1/95: OSDIDSIC Cancel wlo
Replacement_after issuance of HDBK.

CANCELED 11/295 by Notice 1 NO S/S
6/7/95 OSD/DSIC: CANCEL Redesignate as

HANDBOOK

MIL-STD- 980 FOREIGN OBJECT DAMAGE
PREVENTION

MIL-STD- 1528A MANUFACTURING
MANAGEMENT PROGRAM

CANCELED 2/27/98 NO S/S
Air Force EXEMPTION GRANTED

MIL-STO- 1567A WORK MEASUREMENT CANCELED 2/27/95 NO S/S
Ref. ANSIIASQC Q9004-1-1994 6.2.2

MIL-STD- 1568B M&P FOR CORROSION
PREVENTION

CANCELED 2/6/96 DODISS
Possible NGS

MIL-STD- 1595A
(7/30/87)

QUAL OF FUSION
WELDERS

3/98 ACTIVE DOSISS
5/3/95: RETAIN until NGS available from

AMER. WELDING SOCIETY Draft ECD
11/96. ECD: 6/30/97

MIL-STD- 1686C
(10/25/95)
See also:
DoD-STD-1 686

ELECTROSTATIC
DISCHARGE (ESD)
CONTROL PROGRAM

3/98 ACTIVE DODISS
8/8/96: ASTM writing NGS
10/25/95 Converted to Standard Practice:

MIL-STD-1 686C
04/19/95 OSDIDSIC: Convert to Standard

Practice NLT 12/95.
MIL-STO- 1840C
(6/24/97)

EDI interchange 6/26/97 DODISS
Designated as Interface Standard

MIL-STD- 2000A SOLDERED ELECTRICAL &
ELECTRONIC ASSEMBLY,
REQUIREMENTS FOR

CANCELED 6/7/95 OSD/DSIC by NOTICE
1 w/o Replacement; future acquisitions
shall not cite a soldering process
requirement.

Replace w/ National Standard
Ref. NGS: IPC 610
Ref. ANSI J-STD 001 thru 006

MIL-STD-45662 A METROLOGY
(CALIBRATION)

CANCELED 2/27/95 OSD/DSIC: by NOTICE
2
Replace w/ National Standard
ISO 10012-1 or
ANSI NCSL Z-540-1

MIL-STD-45743 Soldering Manual Type High
Reliability

CANCELED 2/95

MIL-STD-46844 Solder Bath CANCELED 2/95 Refer to MIL-STD-2000
MIL-STD-46860 Soldering of Metallic Ribbon

Lead
CANCELED Refer to MIL-STD-2000
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11. Product Support and Logistics
Objective: Ensure continuity of supply, replacement,maintenance,and product warranty

for the post-delivery product life cycle.

Thepurposeofthis documentis to establishbasicrequirementsfor evaluationofa supplier
ability to planfor andprovidepost-deliveryproductsupportor logistics,to distinguishthe

functionsprovidedby aproductsupplierfrom thecustomer’sinternal system-levellogistics
functions,andto ensurethattheneedsof both buyerandselleraresatisfied.

• Definition: Traditional“logistics” is definedby Websteras“the branchof
military scienceconcernedwith theprocurement,transportation,maintenance,and
supplyof troops,equipment,andfacilities.”

Themilitary definition typically addresseslogisticssupportfor a defensesystembut, the lower-

tier supplierlogisticssupportrequirementsapplyonly to a product. As the supplier-tiermoves
closerto theultimatesystem-levelcustomerthelogistic supportrequirementsincrease.“Product

support” is usedin thisdocumentto discusslogisticsrequirementsandrepresentsthemore
commercialterminologyattheproductlevel.

Therequirementsdevelopedin this documentareonly applicablewhenspecifiedin the contract,
statementofwork or operationalrequirementsmatrix’72. The supplier’sown systemsor
processesmustmeetthe intentoftheserequirements.Therequirementsfor policies andlor
proceduresareshownbelow.

Requirement Title Par.

• 1. 11.2 ProductSupportPlan 11.2
• 2. 11.3 TransferableTechnicalDataPackage 11.3

Figure 11-1. ProductSupportProgramModel, illustratesthe interactionofthe productsupport

requirementswith designandpartscontrolactivitiesthroughtheproductioncycle. Theproduct
supportplanaddressesfourkey elements:(1) re-procurementinformation,(2) technical
documentationnecessaryto build theproduct,(3) warranty,repairandmaintenance
requirements,and(4) recommendationsfor productimprovementduringthe life cycle.

172 OrganizationalandTechnicalInterfaces BP RequirementsSection 1
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11.1 Product Support Model
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Figure 11-1.Product Support Program Model
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Background

Logisticsrequirementsfor both defenseandproductsupportpracticesfor commercialcompanies
havethesamebasicpurpose— to ensurethat productsaresupportedin a timely costeffective
mannerandto ensurecontinuityof supply. Onereasonfor the increasedimportanceattributed
to logisticsrequirementsin defensesystemsis thesystemlife-cycle, which is usuallymuch

longerfor defenseproducts.

Market Design Cycle Production Cycle Product Life Cycle
Personal Computers 3 - 6 mos 3 - 9 mos 3 - 8 yrs
Consumer Electronics 6 - 18 mos 3 - 12 mos 3 - 8 yrs
Automotive 2-3 yrs 1 yr 7- 10 yrs
Defense System 3 - 8 yrs <1 - 20+ yrs > 20 yrs

Table 11-1.Typical Product Life Cycles - Electronics

Thetypical contractfor ContractorLogistics Support(CLS), mayrequireacombinationof
manpowerorpersonnelto operateand maintaina product/system,supportequipmentrequired
for operationor maintenance,operatoror maintenancetraining supportequipmentfor customer
personnel,computerresources,andfacilities for training ordepotrepairsandmaintenance.

A commercialproductsupplieris typically expectedto providedesigninterfacefor logistics-
relatedrequirementssuchasproductmaintainability,recommendationof partsandquantitiesfor
spares,warrantysupportincluding replacement,maintenance,andrepairsfor theproductlife

cycle.

11.2 Product Support Plan

Whenthe supplier’sexisting productsupportsystemsandproceduresdo not adequatelyaddress

acustomerrequirements,a ProductSupportPlanis developedin sufficient detail to clearly
describethesupplier’sorganizationand intendedapproachfor compliancewith thecustomer’s
requirements.Mutually agreeduponrequirements’73andproceduresaredocumentedandmaybe
combinedwith theoverall ProgramControl Plan.Theplantypically requirescustomerapproval
prior to implementationorfor any changesaffectingthe intent oftheplan.

A bestpracticeto facilitatefirst-passsuccessis theestablishmentof cross-functionalteams’74
that includeproductsupportpersonnel.Theteamensuresthat productsupportrequirements
areaddressedatthepoint wheretheycaninfluencetheeconomicbalancebetweenproductcost,
schedule,performanceandsupportability. Inclusionof thesub-tiersuppliersin developmentof

~ 150 9004-1-1994Par.16.4.3, 16.4.4 PostproductionActivities: Servicing‘v” SeeSection 1.0OrganizationalandTechnicalInterfaces
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newproductsandtheir relatedsupportplans is critical to ensurethat productswill be supported
in themostcosteffectivemanner.

The supplier shall establish,documentand submit for customer approval, a Product
Support Plan’75 to ensurecontinuity of supply during the product life-cycle or asstated in
the contract.

A typical ProductSupportPlan shoulddescribethesupplier’sinternal controls:

• Policiesandprocedures,nationalor industrystandardsused

• Organizationstructurewith definedrolesandresponsibilitiesincludingcross-functional
teams,with a descriptionofcoreandout-sourcedcapability. Logisticsmustbe an integral
partof systemrequirementsdefinition anddesignactivitiesincludingparticipationin
functional requirementsreview,contributingto designalternatives,product
updates/improvementsandidentificationofKey Characteristics,andothervalue-added
analysis. In light ofthe“out-of-productionparts”problemsthat plaguemostproducts,it
maybe beneficialto establisha partscontrolprogramduring theproductlife cycle.

• Flexiblewarrantyprovisionsto reduceproductsupportcostsandestablishalternate
supportplan in the eventofsub-tiersupplierdefault.

• Supportabilityrequirements’76aredefinedwith customersandcomprisedocumentationof
requirementsfor post-deliverysupport,provisioning(re-procurement)dataincluding long-
leadprocurementlists, recommendedinventoryor sparesquantities,recommend
maintenanceprogram,and identificationofhazardousmaterials,pollutants,etc.associated
with productbills-of-materialor productionprocesses.

• Technicalorproprietarydatawhich maybe suppliedwith lessthanunlimited rights.

• Productinformationretrievalsystemto gatherproductionissuesduring themanufacturing
processaswell asthecustomer’sperformanceexperienceorfield returns.

Note: TheDoD is a leadingproponentofCALS, or Computer-aidedLogisticsSupport. This
effort is aimedat implementingacore strategyto shareintegrateddigital productdata. Suppliers
who demonstrateknowledgeand/orimplementationoftheCALS standardsarein agoodposition

to satisfytheneedsof military buyersfor technicaldata.

11.3 Transferable Technical Data Package

The supplier shall provide a Technical Data Packagein a format mutually agreedupon.

TechnicalDataPackageincludesufficient informationasshownin Table2, to allow thecustomer
to provideadequatemaintenance,repairs,andre-procurementof theproduct. Proprietary

~ 150 9004-1-1994Par. 16.4.3, 16.4.4 PostproductionActivities
76 ~ 9004-1-1994Par. 16.4.3, 16.4.4 PostproductionActivities: Servicing
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processesuniqueto this productorpatentedproductmaybe includedin thisdatapackage.
However,thecustomeragreesto restricttheusetechnicaldataprovidedby thesupplier,to
productsupportrequirementsonly. Thedatawill not beprovidedto third partieswithout the
writtenpermissionof the supplier.

DESIGN RESPONSIBIIJTY BLflLD.TO-PRINT ONLY
~ Quality Assurance Plan

Module Drawings Configuration Management Plan
including Bills-of-Material Class 1 F3l changes (form, fit,_function, interface)

—~Interface Design document Parts Control Program Plan
Parts Control Program Plan*

establish Preferred Parts Lists
Sub-Tier supplier test plan

Design Validation Plan ~
Design failure mode effects analysis

(DFMEA)

Process failure mode effects analysis (PFMEA)
ESS Plan include Procedures

Engineering Test Procedures & Reports Process Control Plan
Thermal_Analy~s Product Support (Logistics) Plan
Corrosion_Prevention & Control Production Validation Plan & Reports
Test Failure Reports Failure Analysis Reports

- internal testing & field failures
Reliability Analysis Repair Procedures
Human Engineering document Reliability Analysis
Acceptance Criteria Traceability data

Characteristics

Table 2. Typical Technical Data PackageContent

11.4 Product Support BestPractices

11.4.1 Parts, Materials, and processselectionprogram

Thesuppliershouldhavea facility-wide documentedparts,material,and processcontrol

programfor theselectionanduseof parts,materials,andprocessesin thedesignand
manufacturingof theproducts. SeeSection3.0 PartsControlProgram.

11.4.2 Core Product Support Capability vs. Out-Sourcing Non-Core Functions

Supplierswho arecapableofprovidingcomprehensiveproductsupporthaveperformedthe

economicanalysisnecessaryto identify thoseproductsupportfunctionsthat arebestperformed
in-housevs. thosethat shouldbe out-sourcedto third parties. Thesuppliershouldbe prepared

to demonstratethat theyhaveimplementedthe corefocuspolicy andproceduresandthird-party
agreementsnecessaryto providevalue-addedproductsupport.
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11.4.3 Flexible Product Warranty Provisions

Supplierswith experienceat providingproductsupporttypically offer flexible warranty
provisionsor optionsto helpcustomersreducetheirproductsupportcosts. Among the options
that maybeavailablearereliability improvementwarranty,pre-paidupgradeprovisions,and
maximumcost-to-repairguaranty.Thesupplierandcustomershouldmutuallydeterminethe
mosteffectivewarrantyoptionsfor productlife-cycle requirements.

11.5 REFERENCES

Government Documents

I) TheDoD regulatorycostpremium:a quantitativeassessment- Coopers& Lybrand/TASC
December1994

2) Improvingthecombatedgethroughout-sourcing- areportfrom DoD to Congressaspartof
the 1996DefenseAuthorizationbill, March 1996

3) Policyregardingperformanceofdepot-levelmaintenanceandrepair- areportfrom DoD to
Congressaspartofthe 1996DefenseAuthorizationbill, March 1996

4) Depot-levelmaintenanceandrepairworkload - areportfrom DoD to Congressaspartofthe
1996DefenseAuthorizationbill, March 1996

5) SD-2 Commercialandnon-developmentalitem handbook- Office oftheUndersecretaryof
Defensefor Acquisition andTechnology

6) CALS executiveoverview

7) DoD LogisticsStrategicPlan(2nd issue,1995)

Other Sources

1) Proceedingsfrom Diminishing ManufacturingSourcesandMaterialShortagesconference
May 1996, Houston,TX

— PartsManagementBestPractices,J.Korn, LockheedMissiles& Electronics

— UnderstandingtheCausesofDMS, J. Martin
— The SemiconductorPerspective,R. Kroeger,TI Military Products

2) BoeingCommercialAvionics Systems(CAS) Electrical/Electronics/ElectromechanicalParts
ControlOperatingPlan

3) World Airlines SuppliersGuide,Air TransportAssociation,1994
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12. Reliability
Objective: To affect product warranty and customer satisfaction

This requirementsdocumentwasdevelopedwith thecooperationofcommercialindustryand

defensecontractors,to establishtheagreeduponrequirementsfor “best competitive”reliability
practices.Thecontractor’sown processesor systemsmustmeetthe intentof these
requirements.Performance-basedproductreliability requirementsarecontainedin theproduct

specifications.

Electronichardwarefrequently requiressoftwarein orderto performits function. Softwareis

addressedbriefly in 12.12 SoftwareReliabilityOverview (par. 12.12). This sectionis focused
on hardwarerequirements.National standardsor referencedocumentsarealsoreferencedin
12.11 Military Reliability & Maintainability StandardizationDocuments(par. 12.11).

• Definitions: Reliability

— per Webster: “suitableor fit to be relied on” or “giving thesameresulton successive
trials”

— perReliability AnalysisCenter: “Theprobability thatan item will performits
intendedfunctionunderstatedconditions,for eithera specifiedintervalorover its
useful life.”

— perMIL-HDBK-470A (8/4/97)- Maintainability Handbook: “The durationor
probabilityof failure-freeperformanceunderstatedconditions. Theprobability that
an item canperformits intendedfunctionfor aspecifiedinterval understated
conditions.”

• Definition: Durability.’77 Theprobabilitythat an item will continueto function
at customerexpectationlevels,at theuseful life withoutrequiringoverhaulorrebuild
dueto wearout.

• Definition: Reliability Engineering:Thetechnicaldisciplineof controllingand
managingtheprobabilitythata productwill performits intendedfunction,in a defined
environment(temperature,vibration,humidity, etc.),overa specifiedperiod,expressed
in operationalor storagetime or cycles.

Therequirementsdevelopedin this documentareonly applicablewhenspecifiedin theContract,

Statementof Work orOperationalRequirementsMatrix’78. The supplier’sown systemsor
processesmustmeetthe intentof theserequirements.The requirementsfor policiesand/or
proceduresareshownbelow.

Requirement Title Par.

• 12.8 ProductReliabilityProgram 12.8

(AIAG) ADVANCED PRODUCT QUALITY PLANNING AND CONTROL PLAN (APQP) Pg. 103
OrganizationalandTechnicalInterfacesBP RequirementsSection 1
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• 12.9 FailureReporting 12.9

Background

12.1 Reliability Standards and ReferenceDocuments

This BusinessPracticesManualdoesnot intendto specifyany particularnationalstandard;the

suppliermayuseanynationalstandard,referencedocument,ordeveloptheirownpracticesfor
their reliability program. Themilitary specificationreformsinitiated by theSecretaryof
Defense,Dr. William Perry’spolicy memoof 6/29/94,resultedin manymilitary documentsbeing
deletedor convertedto handbooks.

Thefollowing listing ofnon U.S. DoD reliability standardsis providedfor informational
purposesonly.

1) CAN/CSA-Q632-90-Reliability andMaintainability ManagementGuidelines,1990

2) ETA/JEDECJEP70 - Quality andReliability Standards,1993

3) ANSI/AIAA R-013, RecommendedPractice- SoftwareReliability, 1992

4) IEC 300-1,DependabilityManagement- Part 1: DependabilityProgrammeManagement

5) NATO ARMP-1, NATO Requirementsfor R&M

6) NASA NHB 5300.4(IA-I) Reliability ProgramRequirementsfor AeronauticalandSpace
SystemContractors

7) IEEE Reliability ProgramStandards#P1332(Estimatedrelease2Q97)

8) SAE ReliabilityProgramStandard#J2335(Estimatedrelease2Q97)

9) Furtherinformationrelativeto world-wide R & M standardscan be found in RL-TR-97-
TBD, “A Primerfor InternationalReliability and Maintainability Standards”

Thefollowing guidancedocumentsweredevelopedby theReliability AnalysisCenter(RAC), a
DoD InformationAnalysis Centermanagedby RomeLaboratoryandoperatedby IITRI.
NOTE: USAF ROME LABORATORY Referencesdocumentsmay be available through
the DefenseTechnology Information Center (DTIC). RomeLaboratory Reliability
Analysis Center functions have been cancelledasof late 1997. No replacement is
available.

• “Blueprints for ProductReliabilityU.” A seriesof documentspublishedby theRAC to
provideinsight into, andguidancein applying,soundreliability practices. Theblueprints
aredesignedfor usein both thegovernmentandprivatesectors.They addressproducts
rangingfrom newcommercialconsumerproductsto highly specializedmilitary systems.
Theblueprintsarenot a cookbookof reliability activitiesthatshouldbe appliedin every
situation. Instead,somegeneralprinciplesofa soundreliability programarecitedasthe
basisfor tailoring areliability programto bestmeetboth thesupplier’sandthecustomer’s
needs. Theblueprintapproachesandproceduresarebasedon bestpracticesusedby
commercialindustryandon conceptsdocumentedin manyof thenow-rescindedmilitary
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standards.

• Reliability Toolkit: CommercialPracticesEdition - This tool kit is intendedto helpboth
commercialandmilitary sectorsdealwith developingandmanufacturingreliableproducts
andconcentrateson activities thathavepayoff, notnecessarilyextensive(andexpensive)
paperoutputs.

CommercialPartsandProcessesfor Military Applications-Intendedto help bridgethe gap

betweentheuseofmilitary specificationsandstandardsand acquisitionreform in acquiring
military systemsor equipment.

12.1.1 Determination of Reliability Requirements

Themostnotablereliability distinctionbetweendefenseandcommercialacquisitionsis who
determinesthereliability requirementsandwhen reliability requirementsareaddressed.

Therearemanydifferent levelsof customerreliability requirements.

• The defensecustomer(DoD) is oftenacquiringastate-of-the-art,highcostsystemsthat
requirehigh reliability duringan exceptionallylong life cycle.Becausetheypayapremium
for higherlevelsof reliability; theyestablishthereliability requirements’79.Dueto thehigh
acquisitionandmaintenancecostsofdefenseproducts,defensecontractorsspendmuch
time andeffort duringproductdevelopment(partsselection,modelingandDOEs)to ensure
thattheultimateproductwill performaccordingto thecustomerrequirementsatthe lowest
life cycle costandperformdemonstrationteststo confirm theirreliability designobjectives.

• Commercialcustomerstypically statereliability requirementsasperformanceobjectivesor
goals,not specificreliability requirementsor activities,andrely on thesupplierto
determinetheirproductreliability, durability and/orwarrantypositions. Demonstration
testing (reliability qualification testing)is usuallynot done’80 in thesecommercialsuppliers;
however,ampledevelopmentandproductiontestdatashouldbe availableto thecustomer
duringproductdemonstration.

• Theautomotivecustomer,with ahigh volumeoflowercostproducts,will mutually define
the productperformancerequirementswith thesupplier,includingtheapplicationand
operationalenvironmentthat theproductwill be exposedto over its life expectancy.The
customertypically statesin engineeringspecificationsthereliability, confidencelevel, and
teststo beperformedby the supplierthroughouttheproductdevelopmentandproduction
stages.Thesuppliermay berequiredto repeatthesetestsannually. Someengineering
specificationtests(i.e. burn-in, final test, in circuit test)mayberequiredon 100%ofthe
productmanufactured.Developmentaltestingis oftencombinedwith manufacturingtest
andfield performancedatato provideademonstratedconfidencein the initial reliability
prediction.

• Airline suppliersestablishreliability requirementsthatare developedwith thefinal airline

‘~ Ref. Reliability Toolkit: Pg.47 Performance-basedRequirements
180 BenchmarkingCommercialReliability Practices,Pg. 22 Par.3.6 (2)
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customer.As an example,BoeingCommercialAircraft Systems(CAS)will trackall
hardwarefailuresduringflight testto establishanyproductreliability trends. CAS is
developingareliability enhancementprogramconsistingoftests’8 thatwill maturethe
hardwareprior to delivery to theairlines.

12.2 Reliability Activities and Processes

Table 1. MostValue-AddedReliabilityActivities, wasdevelopedfrom surveydataobtainedin

theBenchmarkingCommercialReliability Practices’82by theReliability Analysis Center.The
two columnsshowthepercentageof surveyrespondentsthat conductreliability activitiesduring

designanddevelopmentorduring production.

Definitions oftheseactivitiesmaybe foundin variousnationalstandardsandotherreference
documents.DesignReviews,DesignofExperiment(par. 12.8.2),Subcontractor(selection)
Control,andPartsControl arediscussedin otherareasofthis BusinessPracticesManual.

Reliability Activities
Most Value-Added Sequence

% Used @
Development

% Used @
Production

I Predictions -Simulation -Modeling 91 1 2
2 Design Reviews 91 24
3 Subcontractor Control 70 76
4 Failure Reporting And Corrective Action System

(FRACAS)
51 65

5 Development testing:
Test, Analyze, And Fix (TAAF)

a.k.a.: Reliability Growth Testing

90 50

6 Failure Modes, Effects, and Criticality Analysis
(FMECA)

90 20

7 Design of Experiment (DOE) Not on Survey Not on Survey
8 Parts Control 63 72
9 Environmental Stress Screening (ESS) 66 55
10 Reliability Qualification Testing (RQT) 89 32
11 Thermal Analysis 86 14

Table 1. Most Value-Added Reliability Activities

12.3 Reliability Program Goals and Objectives

Thesupplier’sreliability programgoalsandobjectivesshouldtakeinto accountmany
organizationalfactorsandgive considerationto thefollowing.

• ImproveProductReliability. A robustdesign’83contributesto productswhichbecome

181 This typeof testingis basedon Highly AcceleratedLife Testing(HALT), Highly AcceleratedStressScreening

(HASS),StressLife, etc. testingandmay useadditional engineeringanalysissuchasDurability analysis.
82 BenchmarkingCommercialReliability Practices,Pg. 27 Par.4.1.1”... mostvalue-added...“

‘g~ AMERICAN SUPPLIERINSTITUTE @ http://www.amsup.com/TAGUCHI/

158



more tolerantto user’sconditions,supplierprocesses,andotheruncontrollablefactors,and
performsconsistentlyundera widerangeofconditionsthroughoutits life cyclethereby
significantly improvingproductreliability.

• Establishrequirementswith thecustomer.Reliability requirementsare basedon programor
productobjectivesand,whenpossible,thesereliability requirementsshouldbe tailored
accordingto mutuallyagreeablecustomerperformancerequirements,productorcomponent
performancelimitation andthesupplier’sreliability testingcapabilities.Performance-based
reliability requirementsshould, beevaluatedfor realismby boththecustomerandthe
supplierto makesurethat thecostofthe productwill not be adverselyaffectedby
unnecessarilystringentreliability requirements.

• Ensurea clearunderstandingof customersgoals,objectives,requirements,needsandwants.
Reliability andfailure terminology(what constitutesa failure andwhatfailure rateis
acceptable)mustbe communicatedso eachpartyunderstandstheirrespectiverequirements
andcapabilities.Suppliersandcustomersmeasureproductperformancedependingon their
own objectives. Customersusuallyspecifyreliability in termsof measuredreliability
underspecifiedoperationalandenvironmentalconditions,suchasfailurerates,life
expectancy,or life-cycle costs,which mayor maynot includefactorswithin the supplier’s
control. Suppliersmayusetermsassociatedwith profitability or quality to define
reliability, suchaspartspermillion defective(ppm),productreturns,warrantycostsor
liability limits. Wheretheproducthasa reasonablyhigh volumeandwill be in production
for 3-5 yearsormorereliability maybe statedin termsof futurestandardsofperformance
or ascontinuousreliability improvementsoveraspecifiedperiodoftime.

12.4 Reliability Program Model

Figure 1. Reliability ProgramModel, illustratesthemanyexperiments,modeling,tests,and
reportsthat areprovidedduring design,productdevelopment,productionandaftertheproduct
is madeavailableto thecustomer.Thefirst requirementis for a Reliability ProgramPlanandthe
final requirement(#2) is for failure reportingandcorrectiveaction. The resultsofthesetestsand
experimentsaremadeavailableto thedesignersin real-timeandto thecustomeratthevarious

designreviews.
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Goals
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12.5 Reliability Benefits

Increasedproductreliability customerbenefits:

• Lower life-cycle costsby decreasingmaintenance/support,reducingthenumberofspares,
extendinglife-cyclesandreducingredundancyrequirements.

• Increasedsystemsafetyby reducingrisk to humanlife andequipmentfailures

• Increasedproductavailability by reducingdowntime

• Increasedoperationalcapabilitiesin extremeenvironments

Increasedproductreliability benefitsthesupplierby:

• loweredproductcostsby reducingreturns,

• loweredwarrantycosts,

• increasedmarketshareandcompetitiveadvantage,

• reducedrisk of liability.

Figure 1. Reliability Program Model
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12.6 Customer Reliability Requirements

Thefollowing is presentedto providethecommercialsupplierwith thedefensecustomer’spoint

ofview. DefenseCustomerRequirementsdrivers:

• Regulationsandstatutes.Oneprimaryreferenceis DepartmentofDefenseRegulation,
March 15, 1996Number5000.2-R - MandatoryProceduresfor Major Defense
AcquisitionPrograms’84(MDAPs) and Major AutomatedInformationSystem(MAIS)
Acquisition Programs.This regulationrequiresthat “the ProgramManager(PM) shall
ensurethatreliability, maintainability,andavailability activitiesareestablishedearlyin the
acquisitioncycle to assuremeetingoperationalrequirementsandreducedlife-cycle
ownershipcost. Reliability, maintainability,andavailability requirementsshall be basedon
operationalrequirementsandlife-cycle costconsiderations;statedin quantifiable,
operationalterms; measurableduring developmentalandoperationaltestandevaluation.
ThePM shall planandexecutereliability, maintainability,andavailability design,
manufacturingdevelopmentandtestactivities suchthatequipmentusedto demonstrate

~~185systemperformanceprior to productionreflectsthematuredesign.

• Performancerequirementsbeyondnormalcommercialor industrialgradecapabilities.

• Comparativelylongproductlife cycles. SeeSection11, Table 11-1 - Typical ProductLife
Cycles.

12.6.1 Customer Responsibility for Reliability

Customerreliability responsibilities.

• Providingsupplierwith customerrequirementsfor:

reliability requirementsorgoals,suchasmean-time-between-failure,or success
probability,

environmentalandoperationalconditionsto which productswill be exposed,

reliability testswhich will beperformedby customersuponreceipt,

maintenancesupportconcept andservice/depotsupport,and

definition ofaproduct“failure,”

• Reviewingsupplier-furnishedreliability information/analysesduringthedesignphase

• Deratingof productperformance,wherepossible,during designpartsselection

• Validatingsupplier’sreliability claimsby additionaltestingandfeedbackon field
maintenanceandotherrepairs

184 A systemshall beconsidereda majorsystemif it is estimatedby the USD(A&T) to requirean eventualtotal

expenditurefor RDT&E of more than 75 million in FY 1980constantdollars (approximately140 million in
FY 1996constantdollars), or for procurementof morethan 300 million in FY 1980 constantdollars
(approximately645 million in FY 1996 constantdollars)(10 USC 2302(5)).

185 DoD 5000.2 Par.4.3.6 ReferenceOnly
Downloadfrom: http://www.safaq.hq.af.mil/acqpol/dodSOOO/final/
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12.7 Supplier Responsibility for Reliability

Thesupplier’srole beginsby activelyparticipatingin thecustomer’sintegratedproduct
developmentteamandprovidingthecustomerwith informationnecessaryto establishreasonable
productreliability requirements.

Thesuppliershouldachievethefollowing objectives.

1) Communicatewith thecustomerto establishacleardefinition ofthereliability requirements,
goals,andneeds

2) Determinethat customerreliability requirementsareachievable
3) Developproceduresandprocessesto satisfythecustomer’sneeds

4) Developmethodsto assurethecustomerthattheirneedshavebeenmet

5) Provideproductsthat meetcustomer’srequirements

6) Provideproductsthatmeetsupplier’sproductdependabilityclaims

7) Demonstratesupplier’sunderstandingof reliability programpracticesthroughuseof:

— Definedprocedures,processand“best”practices(analyses)

— Screeningto verify productreliability

— Environmentaloroperationaltesting

— Quality assurancetesting

— Continuousproductor processimprovementthroughoutthe life cycle,and

— Historical productreliability information.

8) Establishan on-goingmulti-functionaldesignandmanufacturingteamwith Reliability
Engineeringparticipation,andwith variouscustomersandkey suppliersasnecessary.As a
memberofthis team,reliability engineersshouldparticipatein thefollowing

• Establishmentof a ProductReliability Program(par. 12.8)
— Productandprocessgoalsandobjectives

— Internalreliability proceduresandstandardsandbestpractices

— Analysis tools

— On-goingtestandverification

— Outputs(reportsandfeedbackto design)
• Designactivities including:

— Supportand documentationoftradestudies

— Systemarchitecturedefinition anddevelopment
— Design-of-Experimenttesting

— Partsselectionandderating(gracefuldegradation)

— Developfault tolerantdesigns
— Designreviews
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• Establishmentof on-goingprocessesor proceduresto reduce,eliminateor control
productor system-levelfailures

— Quality standards

— PartsControl Program(ProductionPartApproval Process)

— Manufacturingprocesscontrol

— EnvironmentalStressScreening(ESS)

— Failureanalysis,reporting,andcorrectiveaction

12.8 Product Reliability Program

Productreliability is akey requirementofthedesignagentduringtheconceptualdesignphase.
However,the contractmanufactureror supplier’sinternalreliability programshould addresses
theirunderstandingofthereliability requirements,techniquesemployedto designanddevelopa
reliableproduct,andtheplanning,testinganddocumentationnecessaryfor reliability verification.

Thereliability programshouldbedescribedandprovidedto thecustomerin sufficient detail,as
to clearlyexplainthereliability organization,inputs,routinetesting conducted,outputs,andthe
effectson continuousproductimprovementasaresultof theseactivitiesduring theproductlife
cycle. A successfulreliability programhasan interactiverole with, andis an integral partof, life-
cycle costs,productdesign,partscontrol,logistics,maintainability(testability),safety,testing,
productreturnsanddeterminationofwarranties.

The supplier shall describe its internal reliability procedures,processes,standards, and
testswhich ensurethat stated reliability requirements will be satisfied.

Whenthesupplier’sexistingprogramreliability systemsandproceduresdo not adequately

addressa customer’srequirements,aProgramReliability Plan’86 is developedin sufficient detail
to clearlydescribethesupplier’sorganizationandintendedapproachfor compliancewith the

customer’sreliability requirements.This Planmaybe combinedwith theoverall Program
Control Planandtypically requirescustomerapprovalprior to implementationor for any
changesaffectingthe intent oftheplan.

12.8.1 Reliability Program Organization

Thesupplier’sreliability programestablishestheprocedures,processesanddatanecessaryto
establishandmonitorproductreliability goalswhich arebaseduponthefollowing.

• Customerrequirements

• Productobjectives

• Industrybenchmarks(othersimilarproducts)

• Competitiveadvantagein themarketplace

186 IBP Best Practiceidentifiedin RAC and QS-9000
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• Operationalproceduresandprocesses

— Internal quality systemsandstandards
— DesignEngineeringprocedures

— Supplierselectionandcontrol [JRM264]

— Partscontrolincluding selection,approval,and substitution[JRM265]

— Configurationmanagementchangecontrols

12.8.2 Reliability Program Analysis Tools

Thereareseveralanalysistoolsavailablefor reliability predictionor determination.Thesetools

usuallyincludea mixtureof thefollowing techniquesor tools.

1) Reliability Predictions.Estimatesof probabilityof success(or failure). Reliability
predictiontoolsselectedmustbe appropriatefor productrequirementsandoperating
environmentandmustbe consistentwith theproductconfiguration.

2) Reliability Simulation.Usedto reducethetime, resources,andrisksassociatedwith
developmentofnewtechnologiesandto increasethequality andreliability oftheproduct.

3) Reliability Models.Developedprior to the detaildesignbeingcompletedto facilitate early
identificationof changesaffectingreliability in thefinal designs.Specificreliability
objectivesareusedin developmentof thereliability modelandpredictionmustbe clearly
definedsuchthatwhenfailuresoccur,theoutcomecan be comparedto thatusedin the
predictionmodel. Models arefrequentlyusedby commercialsuppliersto establishproduct
warrantyandperformanceestimates.Reliability modelsshouldbe updatedwith actual
performancedataatperiodicintervals.

4) FailureModeandEffectsAnalysis (FMEA). Analytical techniqueusedduring theproduct
designphase(beforefailuresoccur)to insurethat potentialfailure modesandtheircausesor
theireffectshavebeendocumentedandaddressedin thefinal productdesign. FMEAs can
be placedinto two distinct categories:designactivitiessuchasDesignFailureModesand
EffectsAnalysis(DFMEA) and FailureModes,EffectsandCriticality Analysis(FMECA),
ormanufacturingactivitiessuchasProcessFailureModesandEffectsAnalysis(PFMEA).

DesignFailureModesandEffectsAnalysis. DFMEAs areconductedby a multi-functional
teamon both theproductdesignandtheprocessdefinition beginningatdesignconcept
finalization,prior to final designreleaseandcontinuingthroughouttheproductlife
cycle. FMEAs typically include:

— determinationoffailure mode,frequency,effectsorrisk assessment,andseverity
classification,

— failure detectionandisolation methods,and

— compensatingprovisionssuchasre-configurationoradditionof redundantfunctions
anddocumentationof correctiveactiontaken.
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FailureModes.EffectsandCriticality Analysis.An earlydesignreviewtechniquethat
examinespotentialfailure modesto determinetheeffectsoffailureson equipmentor
systemperformanceandestablishesa failure “criticality” to theoverall systemor
product. A FMECA extendstheFMEA by including an assessmentof all failure mode
severityandprobability ofoccurrence.

Note: AutomotiveindustrydesignFMEA’87 refersto criticality asSEVERITY.

Severityis rankedon a scaleof I to 10, with 10 beinghighest“hazardous- without
warning” and 1 beingthelowest“no effect.”

ProcessFailureModesandEffectsAnalysis (PFMEA). This analysisduringthe early
processdevelopmentphaseexaminesmanufacturingprocesseswhich mayinduce
failuresanddeterminestherootcauseandcorrectionfor suchfailure. Correctiveaction
should, if possible,influencethedesignto permittheprocessto functionwithin its
normalcapabilityrange,or it maybe necessaryto establisha SpecialCharacteristic
designationto controltheprocessmorecloselyto avoidproductvariances.

• DesignofExperiments(DOE). A designedexperimentcanimprovea
productdesignorthemanufacturingprocessesusedin development.These
experimentsareusedto identify manufacturingprocessparametersor test
techniquesthat affecttheproduct’sperformance,producibility andreliability.
A DOE is one principalmethodfor studyingtheeffect andinteractionof
factorsaffectingtheproductreliability suchastime,temperature,voltageor
weather(humidity, salt-spray,moisture). Productapplicationrequirements
analyzedby membersof thecross-functionalteam88will determinephysical
andenvironmentalfactorsto be tested. A matrix is establishedto recordthe
resultsofvaryingthe testparameters.Analysis of theseresultsis then
incorporatedinto thedesignorprocesscontrols.

• Statisticaltechniquesappliedto predictions.’89

Note: Statisticaltechniquesarediscussedin ProductionProcessesControlssection.

• Benchmarkingandtradestudies.Conductedand comparedwith
reliability predictionsfor similarproprietaryproductsorwith a competitor’s
products.

12.8.3 Reliability Program Testing & Verification

Typical reliability verification by testor analysis~ consistsofthefollowing

• Initial productdemonstrationor qualificationtest’9’

87 PotentialFailure ModeandEffectsAnalysis (FMEA), ChryslerCorp., FordMotor Co. andGeneralMotors
Corp. 2/95, Pg. 13 DesignFMEA - Severity

‘~ SeeSection1.0 OrganizationalandTechnical Interfaces
150 9004-1-1994Par.20.1 (c) dependabilityspecification,longevity,anddurability prediction
Ford Motor Co. Q-1 Total Quality Excellence

““‘ BenchmarkingCommercialReliability Practices, RAC 1995 Pg. 22 DemonstrationTesting(qualification)is
not done,unlessrequiredby the customer(seldom)
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• Reliability testing

— Test,AnalyzeandFix (TAAF)

— GrowthTesting

— FormalReliability Demonstration
• Acceleratedtesting

— HAST - Highly AcceleratedStressTesting

— HALT - Highly AcceleratedLife Testing

• Screeningtests

— ThermalShock

— ElectricalTests

— TemperatureCycling

— Vibration

— Humidity & Moisture

12.8.4 Reliability Program Outputs and Effects

• DesignorProductImprovements.On-goingefforts to improveproductreliability by testing
anddatacollectionthat shouldbe employedincludethefollowing:

— Identificationof critical components92andcomponentssubjectto high failure ratesto
maintainproductreliability

— Reductionofhigh technologycomponentsandpart types(standardizationof
components)

— Partsapprovalandcontrolinitiatives

— Implementationof partsstressderating(designmargins)for electrical,thermal,
mechanicalcharacteristics

— Useofhigherqualitycomponents,if neededto improvereliability

— Conductcomponent/partscreening
— Reviewofpreviousstudies,servicelife estimates,anddatafor similarproduct

— Performproductreliability testing

• Manufacturingor assemblyrequirementsto improvereliability include:

— IncorporationSPCorprocesscontrol datatrackingrequirements

— Integrationreliability with designandmanufacturingtools (CAD/CAM)

— Establishmentof inspectionrequirements

— Specifyspecialtestconditionsthat will benecessary

— ImplementProductionequipmentcalibrationand maintenanceprogram

Performancefeedback93from field dataandinternaltestresultsareprovided
to thedesign,partscontrol, andreliability personnelin orderto accomplishthe
following:

192 Reliability Toolkit: Pg. 123 Critical Item Reliability
93 150 9004-1-1994Par. 16.6 Marketfeedback... throughoutthe life-cycle.
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— Modify designrulesto improvefutureproduct

— Modify reliability modelsto improvepredictions

— Maintain historicalproductdatabasefor futurepartsselection

— Modify fault detectionor isolationtoolsor methodsin theassemblyprocess
— Provideperformancetestresultsand information to customers

• Failureand correctiveactionreportingincludesthefollowing:

— Identificationof correctiveactionsrequiredto eliminateor reducetheprobabilityof
thefailuremodeoccurring

— Failurereportingoffailure modes,rootcauses,risk assessment

— Trendanalysisoffailure data

12.8.5 Reliability Program Product Reliability Report

In orderto determinethat aproductis satisfactoryfor its intendedapplicationthecustomermay
requestthat supplierssupporttheir reliability claims by furnishingoperationaldata,control

charts’95andtestresultsthatdemonstratetheproductis operationallyeffectiveand suitablefor
use. This is usuallynecessaryduring theproposalphaseor during lowertier supplierparts
selectionprocess,butmayalsobe requestedat anytime during theproductlife cycle.This
appliesto commercial-off-the-shelf(COTS)productsaswell ascustomproduct.

12.9 Failure Reporting

Productfailurescanoccurduringtheentire life cycle from designthroughproductionand

distributionto theultimatecustomer.Failurereportingto thecustomerrequiresacommon
understandingof what constitutesafailure. Typical failure definitionsfollow.

• Productdoesnotmeeta customer’sperformancerequirement.Failuremaybe:

— Catastrophic- suddenoccurrence,completeproductfailure,

— Chronic - repeatsoveraperiodoftime or cycles,and

— Latent- non-catastrophic,subsequentfailure occursduedegradedcondition.

• An eventin whichan item doesnot performoneor moreof its required
196

functionswithin thespecifiedlimits andunderspecifiedconditions

• per Webster:

— Omissionoroccurrenceorperformance

— Failing to performaduty or expectedaction

• SoftwareFailureis theunacceptabledepartureofprogramoperationfrom program
requirements. SeeAttachmentB - SoftwareReliability Overview.

ISO 9004-1-1994Par. 16.5 ... earlywarning systemfor reportinginstancesofproductfailure ... occurrence
andmodesof failure
ProductionPartApproval Process,ALAG - Pg. 4 Submissionlevels

96 MIL-STD-2155 Failure Reporting,AnalysisandCorrectiveAction Systems
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The supplier shall prepare and submit to the customerProduct Failure Reports97for
failures occurring during product developmentand/or the product warranty period as
specified in the Statementof Objectivesor Contract.

All failuresoccurringduring productdevelopment(acceptance,burn-in,performanceevaluation

andqualificationstesting)areanalyzedfor specificcauseandeffectanddocumentedinternally

for designimprovements’98andproductionreviews. Failurereportingis availableto thecustomer
during thedesignreviews. Thisoptionusuallyappliesto newproductsbuilt exclusivelyfor the
customer.

Whena failure occursduring theproductwarrantyperiodor post-deliveryactivities’99efforts to
analyzeanddocumentproduct(field) failuresshouldbe reported.Suppliershavebeenreluctant
to gather,analyzeandprovidethis informationto theirkey customers.However,wherethereis
sufficientproductionvolume,overan extendedperiod,both partiescanseethebenefitsto long-

termagreementsandother“partnering”or “teaming” arrangements.Theselong-term
commitmentsrequiremoreinformationandmoretrust. This optionusuallyappliesto the
supplier’sproprietaryproductthat is sold with awarrantybut alsomay apply to a customer

productthat is providedwith a warranty.

Typical failureanalysisactivities.

• Faultdetection/isolation

• Failuremodedetermined

• Root causeestablished

• Trendanalysisperformed

• Risk analysisperformed

• Correctiveactionidentifiedandimplemented

Typical failure reportshouldcontainthefollowing minimal information200

• Background:environmentoffailure, detectionmethod,operationalhours

• Item/processdescription

• Failureidentificationnumber(uniqueto eachfailure)

• Dateoffailure

• Component/partname/partnumber

• Component/partserialnumber

‘~‘~ MIL-STD-2155 FailureReporting
~g Reliability Toolkit: CommercialPracticesEdition - Appendix B, Pg.363 par.2.9

I 99 ISO 9004-1-1994Par. 16 PostProductionActivities, Par. 16.5 After Salesand Par. 16.6 Marketfeedback.
RAC BlueprintRBPR4 Pg. 13 “... failure reportingwould continueafterhardwareis built”.

200 Reliability Toolkit: CommercialPracticesEdition Pg. 310 Failure Analysis Report
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• Datecode

• Causeof failure

• Failurerelevancy

• Investigativeprocessto fault resolution,failure analysis(if conducted),corrective
action(to preventfault reoccurrence),failure history

• Analysesperformance(failure modesandmechanisms)

• Graphicdata

• Conclusion

Recommendation

• Correctiveactionandeffectiveness

• References

• Distribution to all concernedparties

12.10 References

InternetaccessreferencesAppendixC
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12.11 Military Reliability & Maintainability Standardization Documents

Thefollowing tableprovidesthestatusofUS military Reliability andMaintainability(R&M)
standardizationdocuments.As aresultof DefenseAcquisitionReform,someR&M standards
wereretainedwhile otherswerecanceledoutright, convertedinto handbooks,orreplacedwith
nongovernmentstandards(NGS). US military standardizationdocumentscanbeobtained
throughthedepartmentofDefenseSingle StockPoint(DODSSP)eitherby phone,mail or fax.

TheaddressandSpecialAssistanceDeskcanbe reachedat:

DODSSP
StandardizationDocumentOrderDesk
700 RobbinsAye, Bldg. 4D
Philadelphia,PA 19111-5094
Tel. (215) 697-2667 Fax:(215) 697-2179

For Referenceonly. This table provides reliability standard’s status as of first quarter
1997and may not be all inclusive.

Document Title Status~1
MIL-HDBK-344
(Aug. 1993)

Environmental Stress Screening
(ESS) of Electronic Equipment (or one
of the other system level stress
screening documents such as the
IES guide)

V active document

MIL-HDBK-189
(Feb._1993)
MIL-HDBK-217
(Feb. 1995)

Reliability Growth Management V active document

Reliability Prediction of Electronic
Equipment

V active document

MIL-HDBK-251
(Jan 1978)

Reliability/Design Thermal
Applications

V active document

MIL-HDBK-338
(Oct. 1988)

Electronic Reliability Design HDBK. New HDBK scheduled for
completion 3Q97

MIL-STD-470
(May 1989)

Maintainability Program for Systems
and Equipment

5/95: Redesignate as MIL-HDBK
470 (short term) & consolidate w/
MIL-HDBK-471
ECO- 4/97

MIL-STD-471
(Jan 1975)

Maintainability Verification!
Demonstration/Evaluation

5/95: Redesignate as MIL-HDBK
471 (short term) & consolidate w/
MIL-HDBK-470 above

201 NGS = Non GovernmentStandard
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MIL-STD-690
(Mar 1993)

Failure Rate Sampling Plans and
Procedures

V active document

MIL-STD-721
(Jun 1981)

Definition of Terms for Reliability and
Maintainability

12/95: Canceled

MIL-STD-756
(Aug. 1982)

Reliability Modeling & Prediction 2/96: Canceled

MIL-STD-781
(Oct. 1986)

Reliability Test Method Plan, &
Environments for Engineering,
Development, Qualification, & Prod.

Combined into
MIL-HDBK-781A

MIL-STD-785
(Aug. 1988)

Reliability Program for Systems and
Equipment Development and
Production

Canceled when NGS available.
Both IEEE and SAE are
developing Reliability Program
Standards

MIL-STD-790
(Aug. 1995)

Standard Practice for Established
Reliability and High Reliability Qualified
Products List (QPL) Systems for
Electrical, Electronic and Fiber Optic
Parts Specifications

V active document

MIL-STD-883
(Mar 1995)

Test Methods, and Procedures for
Microelectronics

Retain as Test Method Std
Ref. ANSI/J-STD-003

MIL-STD-1543
MIL-STD-1543A
(Oct. 1988)

Reliability Program Requirements for
Space and Missile Systems.

5/95: Cancel when NGS available
ECO: 12/97
Ref. MIL-STD-785

MIL-STD-1629
(Nov 1984)

Procedures for Performing a Failure
Mode, Effects, and Criticality
Analysis. (FMECA)

Canceled W/O replacement 5/95
SAE FMECA STD
ECD: 1Q98

MIL-STD-1629A Procedures for Performing a Failure
Mode, Effects, and Criticality
Analysis. (FMECA)

Canceled W/O replacement 5/95
SAE FMECA Std 4Q96

MIL-STD-1635
(Oct. 1986)

Reliability Growth Testing Canceled

MIL-STD-1843
(Aug. 1995)

Reliability-Centered Maintenance 8/95: Cancel when NGS
available.
SAE G-1 1 new HDBK
See MIL-STD-2173

MIL-STD-2068
(Jan_1987)
MIL-STD-2155
(Dec 1995)

Reliability Development Test (RDT) Canceled

Failure Reporting, Analysis and
Corrective Action Systems (FRACAS)

Canceled 12/11/95 superseded by
MIL-HDBK-2155

MIL-STD-2164
(Jan 1996)

Environmental Stress Screening
(ESS) Process

Redesignate as
MIL-HDBK-2164A 6/96

MIL-STD-2165
(Feb. 1993)

Testability Program, for Systems and
Equipments

7/96: MIL-HDBK-2165 issued
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MIL-STD-2173 Reliability-Centered Maintenance SAE G-1 1 new HDBK
(Dec 1989) similar to the Air Transport

Association’s Maintenance
Steering Group (MSG-3) RCM
standard used by commercial
airline industry

Table 2. Military R&M Standardization DocumentStatus
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12.12 Software Reliability Overview

Analyticalmodelsandmetricsexistfor estimatingsoftwarereliability andmeasuring
characteristicsofsoftware. SoftwareReliability makessense,especiallysince:

• Systemsarebecomingsoftwareintensive;

• Manysoftware-intensivesystemsaresafetycritical;

• Customersarerequiringmorereliablesoftware;and

• Thecostofdevelopingsoftwareis increasing.

Thefollowing is abrief overviewof SoftwareReliability.

Softwarereliability is arelativelynewconcept.Softwaredoesfail, butnot in amannersimilar to
hardware- sincesoftwarefailuresarenot causedby aging; fatigue;etc. Softwarefailuresare
definedasthemanifestationof a humanerror. With humanerrorbeing:oversight,omissionor
commissionmadein interpretingrequirements,implementingdesignor code,or making
modificationsand/orenhancements.

Therelativecostto fix softwarebugsincreasesby a factorof 10, for eachof thefollowing

phases:design;code;testandfield.

Thefollowing factorshavebeenfoundto impactsoftwarereliability:

I) Application Type

2) Methodologies
3) ProductCharacteristics

4) Testing/Verification

5) Schedule

6) Maintenance

7) OperationalProfile

8) OrganizationlManagement

It is noteworthyto mentionthat datacollectedby Q5M202, andsubstantiatedwith datacollected

by SoftRel,showsthat faultsdetectedover thecourseofthesoftwarelife cycle typically
representa RaleighCurve(below). This informationis very useful in providingconfidencethat
thesoftwarehasnotbeenover/undertested,andis in fact readyfor delivery to thecustomer.

202 QuantitativeSoftwareManagement(QSM) Tel: 800-424-6755?FAX: 703-749-3795
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Sincetheearly 1980’s,severalSoftwareReliability Modelshavebeendevelopedto predictor
estimateSoftwareReliability. ThePredictionModels areusedto predictreliability of software
at somefuture time. Predictionscanbe madeprior to developmentor test,asearlyasconcept
phase.Thesetoolsareusuallybasedon historicaldata. TheEstimatingmodelsestimate

reliability of thesoftwareat somepresentor future timebasedon datacollectedfrom current
developmentand/ortest. Estimatorsarenormallyusedlater in life cycle thenpredictors.

12.12.1 Software Reliability Prediction and AssessmentMethods

• RomeLaboratoryTR-92-15 “ Reliability Techniquesfor CombinedHardwareandSoftware
Systems”. This technicalreportoutlinestechniquesfor reliability prediction,allocation,
growthanddemonstrationtestingof systemsthat containbothhardwareandsoftware.
Thetechniquesarecompatiblewith thosehardwarereliability concepts,standardsand
proceduresin useat thetime ofthedocument’swriting. Romelab is presentupdatingthe
techniquesbasedon an industryandgovernmentreviewand commentsprocess.A revision
will soonbe availableasRL-TR-97-TBD,“SystemandSoftwareReliability Assurance”.

• RomeLaboratoryTR-92-52“SoftwareReliability Measurementand Testing

”

Similar to theHardwareApproachdocumentedin MIL-HDBK-2 17. PredictsFault
Density(Faults/SLOC);Canbe appliedduring concept;designor codingphases.
Presently,this model is themostcommonlyusedin industry. It is a goodtool to usefor
designtrade-off. For earlyphasesofaprogram,thefollowing fault densities(faults/I,000
lines ofcode)canbe used:

Faults

Development &
Coding a System Test • Customer Delivery

Raleigh Curve
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Type of Software Faults
Airborne 0.13
Strategic 0.009
Tactical 0.008
Process Control 0.002
ProductionControl 0.009
Developmental 0.014
Average 0.010

MusaExecutionFailureRatePrediction. Predictsthe failure rateofasystematthepoint in
which systemtestingbegins.

• PutnamModel. Assumesthat faultsdetectedper time formsaRaleighCurve. Benefitsof
this model: a) Expectednumberoffaultscanbe predictedfor variouspointsin the life cycle;
andb) Canmakefault estimatesfrom fault dataprior to test.

• IndustryData. Datahasbeencollectedby variousindustryindividuals& organizations
correlatingfaultdensityto softwarereliability factors. Oneoftheseorganizationsis
SoftwareProductivityResearch,Inc. whichhascollecteddatashowingacorrelationbetween
the SoftwareEngineeringInstituteCapabilityMaturity Model level andfault densityin
termsofFunctionPoints. Theyalso found acorrelationbetweenfaultdensityin termsof
functionpointsand industrytype. Benefitsof thisapproacharethat it is simple andbased
on factorsthathavebeenshownto correlatewith reliability.

• InternallyCollectedHistorical Data. SomecompaniespredictSoftwareReliabilityby
collectinghistoricaldataon theirownsoftwareprojects,i.e.: Fieldedfailure dataperproject;
Softwarereliability factors;and RegressionAnalyses.

12.12.2 Software Reliability Estimation Models

• VariousExponentialModels, includingsomeof themorepopular:ShoomanModel Lloyd-
Lipow Model; Musa’sBasicModel; andtheGoel-OkumotoModel. Thesemodelsare
simple to use. In general,thesemodelsassumethat: a) Failureratedirectlyrelatedto
numberoffaults in program; b) All faultsareequalin severityandprobabilityof detection;
c) All faults areindependentofeachother; d) Softwareis in an operationalstate;ande)
Faultsareremovedimmediately.

• Historical DataCollection. This model is ahybridbetweentheSoftwareReliability
PredictorandEstimatorTools. RomeLaboratoryTechnicalReportTR-92-15containsa
faultcountmodelwhich is basedon collectedhistoricaldataandregressionanalyses.Since
this modelwasbasedon datacollectedby only one company,in only one
industry/applicationtype it waspresentedfor information,andwasnot recommendfor use

by the instructor.
• Weibull Model. TheWeibull model is oneof theearliestmodelsappliedto software. It can

be usedwhenthereis an increasing,decreasingorconstantfailure ratefor software. This
model is ageneralform of theexponentialandRaleighmodels.
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12.12.3 TestCoverageModels

Assumesthatsoftwarereliability is a functionof theamountof productthathasbeen
successfullyverified or tested.Thesemodelsinclude:

• IEEETestCoverageModel. This modelassumesthatreliability is a functionof the
functionsthat aretested(blackbox testing) andtheproductthat is tested(white box
testing). It assumesthat both typesof testinghaveto becompletedfor thetestcoverageto
becomplete.

• Leone’sTestCoverageModel. Thismodel is similar to theIEEEmodel,exceptit assumes
thatit is possibleto haveeitherwhite orblackbox testingand still haveahigh degreeof
reliability.

• TestSuccessModel. This modelassumesthatreliability is a functionofthetotal successful
test casesover thetotal testcasesexecuted.

• TaggingModels. Thesemodelsarebasedon seedingtheory. Thebasicconceptis to:

— Injectknownsoftwarefailuresinto thecode

— Don’t tell thecodetesterswheretheinjectedfailuresare

— Havethe codetesterstry to find theinjectedfailures.

— Sincethesemodelsrequireconfigurationchangesto thecode,theyareabsolutelynot
recommendfor use.

• Dual TestGroupModel. This is a tagging model which simulatestheseedingof faults,and
assumes:a) Two independenttestgroupsaretestingsamesoftwareat sametime; b)
Groupsdo not shareinformationon faultsdetectedin testing; c) Groupscreatetheirown
testplans,but testthesamefunctionalityofthesoftware;andd) Groupsareequalin
experienceandcapabilities.Sincetwo completelyindependenttestgroupsarerequired,
implementationofthis model is very expensiveandoften not practical.

• BayesianModels. Thesemodelsdiffer from theothermodelsbecausea subjective
approachis takento modelingreliability. Theothermodelsassumethatreliability & failure
rate is afunctionofa faultbeingdetected.Bayesianmodels,on theotherhand,assumethat
a programwhich hashad fault freeoperationis morelikely to be reliable. Thesemodelsare
notasmainstreamasclassicalmodels.

Priorto selectingoneoftheabovePredictororEstimatingmodels,it is importantto considerthe

datarequirementsandlimitationsofeachmodel. It is alsoimportantto selecttheright model for
theright phaseofthe program.

12.12.4 Additional Tools

• SoftwareFaultTree,this tool is usedto: a) Determineareasin theproductwhich could
causeapotential failure; and b) Determinerisk and severityofany suchsourcesofpotential
failure.
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• SoftwareFMEAs. FMEAs areusedon softwareto: a) Determinecontingentaspectsof
design; b) Revealpotentialcritical failure modes; c) Revealwhatsoftwareunitswill cause
them; d) Determinetheunit’s effect on thesystemandsubsystem,in theeventofthe
failure modeexisting; e) Determinetheprobability andcriticality ofthefailure modes;and f)
Promptdefensiveactionto mitigatecritical failuremodesfrom design.

12.12.5 SystemReliability & Software RedundancyModels

• SeriesConfigurationModel. A seriesconfigurationis whenagroupofcomponentsfails if
andwhenany oneof its componentsfails. ThisModel is usedwhensoftwareComputer
SoftwareConfiguredItems(CSCI) arein serieswith otherCSCIsandwith Hardware
ConfiguredItems(HWCI).

• ParallelConcurrentModel. Whenthereareagroupofcomponentswhich all operate
simultaneouslyand all mustfail for thesystemto fail. Thereis aparallelconcurrent
configuration;thereis no voting mechanismon resultsoutputby thecomponents,but
rathereachcomponentdoessomejob. Thismodelis usedwhenall softwareCSCIsmust
continuouslyoperateconcurrently.

• Semi-MarkovModel. This techniquecanbe usedto model asystemwherecomponents
executeoneafteranotherwith know probabilities. This techniqueassumesthat thefuture
is completelydeterminedby a presentstateand that thetime in eachstatebeforea
transitionis random. Thismodelis usedwhena systemreliability basedon transitions
betweenhardware/softwareor software/softwareis desired.

• MissionOrientedModel. This missionorientedmodel canbe usedwhentheexactstartand
stop time of eachCSCI is notknown,but thefailure rateandtotal activetime for each
operationalmodeareknown. Theaveragefailureratecanthenbe calculated.Thismodelis
usedwhentransitionsor time spentin eachtransition is unknown. When softwareoperates
in phasesand/ormodesbasedon a missionprofile, andthefailurerateofCSCIsis known.

• OperationalProfile OrientedModel. Theoperationalprofile orientedmodelcanbeused
whentheexactstartandstop time ofeachCSCI is not known,but thefailurerate,total
activetime for eachoperationalmode,andtheoperationalprofile areknown. Thismodelis
usedwhentransitionsortime spentin eachtransitionis unknown. When softwareoperates
in phasesand/ormodes,theoperationalprofile is known,andthefailure rateandsizeof
CSCIsis known.

Checklistsarealsoavailableto assistin softwareanomalymanagement.
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Appendix A~ Requirements Summary

1. MANAGEMENT

1) (Par.1.1) Thesuppliershalldescribeits organizationalandtechnicalinterfaces,
responsibility,andauthoritywith respectto design,partscontrol, configurationanddata

‘53management,quality planning,sourceselection,developmentandproductionactivities-

2) (Par. 1.2) Thesuppliershall returnthe OperationalRequirementsMatrix204showingthe
relationshipof the customer’sbusinesspracticerequirementsto thesupplier’sexisting
quality systemprocedures,instructionsor control plans.

3) (Par. 1.3) Thesuppliershall establish,documentandmaintainaProgramControl Plan205as
mutuallyagreedandshallsubmitfor customerreviewandacceptance.

4) (Par.1.3.1) Thesuppliershall establish,documentandmaintainasnecessary,ascheduleof
key projectevents206andprovidefor customerreviewassoonaspossibleaftercontract
award.

5) (Par. 1.3.2) The supplierandcustomershall mutuallyestablisha CustomerParticipation
Planfor designreviewsand verification,andproductvalidation or inspectionsprior to
productionrelease.

2. DESIGNCONTROL

1) (Par.2.3) Suppliershall describeits internaldesigncontrolprocedures207,processes,
standards,reviewsandproductvalidationswhich ensurethat statedperformanceand
reliabilty requirementswill be satisfied.

2) (Par.2.8.2) Thedesignagentshall planandconductaformal,documentedSystem
RequirementsReview208includingcustomerparticipationand appropriatepersonnel
representingthefunctionsbeingreviewedandany otherspecializedfunctionalpersonnelas
required,and asindicatedin theProgramControlPlans.

3) (Par.2.7.3) Thedesignagentshall planandconductaformal,documentedPreliminary
DesignReviewincludingcustomerparticipationandappropriatepersonnelrepresentingthe
functionsbeingreviewedandany otherspecializedfunctionalpersonnelasrequired,and
indicatedin theProgramControlPlans.

4) (Par.2.7.4) Thedesignagentshall planandconductaformal,documentedDesign
VerificationReview includingcustomerparticipationandappropriatepersonnelrepresenting
thefunctionsbeingreviewedand any otherspecializedfunctionalpersonnelasrequired,and
indicatedin theProgramControl Plans.

203

QS-9000 Quality SystemRequirementspar. 4.1.2 Organizationalinterfaces,
QS-9000 Quality SystemRequirementspar. 4.2.3 Use of Cross-functionalteams
ISO Q9001-1994 par. 4.1.2.1, 4.4.3

204 ISO Q9001-1994par. 4.2.3 Note 8: ... in the form of a reference
205 ISO Q9001-1994 par. 4.2.3 Quality Planning
206 ISO Q9004-1 par. 8.2.3 Time-phasedDesignactivities
207 ISO Q9001-1994 par. 4.4.1 documentedprocedures...
208 ISO Q9004-1-1994par. 8.2DesignPlanning& Objectives
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3. PARTS CONTROL PROGRAM

1) (Par.3.1) Suppliershall describeits internalpartscontrol209proceduresandprocessesfor
selection,qualification,standardization,approvalanddatacollection for partsto be usedin
theproductdesignandmanufacture.

2) (Par.3.4) Thesuppliershall establish,documentandmaintainasnecessarya processfor
advancedcustomernotification20 of proprietaryproductphaseoutorof changesto any
productthat mayaffect thecustomer’sintendedapplication’sform, fit, or function.

4. CONFIGURATION MANAGEMENT

1) (Par.4.1) Thesuppliershall describetheirinternal Configuration 211

procedures,processes,andstandardsto controlchangesandprovideapositivemethodof
ensuringcurrentreleaseddocumentsareavailablein atimely manner,at appropriate
locations,duringtheproductlife cycle.

2) (Par.4.2) Thesuppliershall establishformal SubcontractorConfigurationControl2t2
proceduresto establishthe extentoftheircontroloversubcontractors,asappropriateto the
productbeingacquired.

3) (Par.4.3) Thesuppliershall establishaformal Configuration/ChangeControlBoard213
(CCB) orequivalentprocessfor themanagement,reviewandapprovalofall changes,
internallyorexternallygenerated,affectinga baseline,i.e. drawings,specifications,and
variances.

4) (Par.4.4) The suppliershall providefor effectivemanagementofproductinterfaces.214

5) (Par.4.7) The PartIdentificationNumber25shall be changedwheneveranon-
interchangeablefunctionalorphysicalconditionis createdorwhennew orrevisedtesting,
maintenance,repair,training,operatingproceduresormanuals,equipmentor softwareis
required.

6) (Par.4.8) Thesuppliershall establishby mutual agreementwith thecustomer,
ConfigurationBaselines(B/L)21’ accordingto theprogramphase:(a) RequirementsB/L, (b)
DesignReleaseB/L, or (c) ProductionB/L.

209 150 Q9001-1994par. 4.4.2 Design& Developmentplanning
BOEING CAS: D900-10193-1Pg. 15 par. 3.1 PartsControl Plan

210 QS-9000Quality SystemRequirements,SectionII pg. 52, ProductionPartApproval Process
211 ISO 10007:1995-04-15Guidelinefor ConfigurationManagementpar. 5.3, 7.4, 7.7

ISO Q9001-1994par. 4.5.1 DocumentandDataControl
212 EIA 649-95par. 5.1.6 SupplierConfigurationManagement“... whenthereis a rationalneed...as

appropriateto theproductbeingacquired.”
ISO Q9001-1994par. 4.6.2b) “... controlexercised... over subcontractors.”

213 150 10007:1995-04-15par. 3.4, 7.3 ConfigurationBoard
ISO 9001: par. 4.5.3 DocumentandDataChanges

214 150 10007:1995-04-15par. 7.2.1,7.4.2 ... evaluationof changes
215

150 10007:1995-04-15par. 5.2.3 & 7.2.3
EIA IS-649-95par. 5.2.3.d ProductIdentification

216 ISO 10007:1995-04-15par. 3.3, 5.2.4,7.2.4,Annex C
EIA IS-649-95par. 5.2.5 Baselines
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7) (Par.4.9) All changesorvariancesto officially releaseddocumentation(designdocuments,
specifications,procedures,drawings)shall requirereview andapproval,prior to making
documentchanges217,by theoriginal approvingfunctionsordocumentowner,and
authorizationby a formal engineeringchangedocument.

8) (Par.4.9.1) All Major (ClassI) changes,including thoseproposedby
supplier/subcontractors,shall requireformal communicationwith thecustomerordrawing
ownerusing thesupplier’sown form andwrittenapprovalby adesignatedapproval
authority218.

9) (Par.4.10) Whenaknowndeparturefrom requirementsis incorporated,thesuppliershall
documenta Requestfor Varianceandobtainappropriateauthorization.219

10) (Par.4.11) Thesuppliershallmaintain a ConfigurationStatusRecord220with contents
mutuallydefinedasindicatedin thecontractandProgramControl Plan.

11) (Par.4.12) Thesuppliershall havean effectiveDisasterRecoveryPlana2tandprocessin
placeto enablereproductionofboth historicalandcurrentdocumentsanddataincluding
supplier-generateddocumentsand datafor theproductdesign,production& testin the
eventof potentialdestructionby fire, flood, theftor otherformsof loss.

12) (Par.4.13) A serial/lotnumberand/orsupplieridentificationnumbershallbe assignedto
eachModel numberorConfigurationItem(CI) unit for thepurposesofcontrol,
traceability222andcustomeracceptance.

13) (Par.4.14) Thesuppliershall providean As-Built ConfigurationReport223with contentsas
definedin thecontractand ProgramControl Plan,to verify thatall Major (ClassI) changes
wereincorporatedinto theproductandto indicateapprovedvariances.

14) (Par.4.15.1) At thecompletionofproductdevelopment,thedesignagentshallconducta
formaldesignverification FunctionalConfigurationAudit224, verifyingthe customer
requirementsagainsttheDesignReleasedBaseline. A designCertificateofComplianceshall
be submittedby thedesignagent,which affirms that thedesignmeetscustomer’sForm, Fit,
Function& Interfacerequirements.

217 ISO Q9001-1994par. 4.5.3 DocumentandDataChanges
150 10007:1995-04-15par. 7.4

218 EIA IS-649-95 Pg.26, 5.3(b) ChangeManagement;5.3.1.2(a) Major
150 10007:1995-04-15par. 7.4

219 ISO 10007:1995-04-15par. 7.3, 7.5.2
EIA IS-649-95 Pg. 34. par. 5.3.4

220 ISO 10007:1995-04-15par. 7.5.3 CSA Reporting
EIA IS-649-95 Pg.34, par. 5.4

221 ISO 10007:1995-04-15par.5.3 ConfigurationControl - disasterrecovety
222

150 9001 Quality SystemsModel par.4.8 ProductIdentificationandTraceability
EIA IS-649-95 par. 5.2.3.1 Identif~iing individual units

223 150 10007:1995-04-15par.7.6 Configurationauditprocedure“as built/produced”
EIA IS-649-95 Pg.38, par. 5.5 Figure 12
MIL-STD-973 App. H Task 501 pg. 199

224 150 10007:1995-04-15par. 7.6 ConfigurationAudit Procedures
ISO 9004 par. 8.5.3 DesignVerification
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15) (Par.4.15.2) The supplier’scross-functionalteamshall conducta physicalproduct
examination225ofthefirst productionunit’s “as built” configurationagainstits technical
documentationprior to productionof contractquantities. Theextentofcustomer
involvementis documentedin theProgramControlPlan. A productCertificateof
Conformanceis requiredwith FirstArticle Inspections,ProductionReadinessReviews,or
Initial ProductionValidations,asapplicable.

5. QUALITY SYSTEM

1) (Par.5.4) Thesuppliershall describetheir facility-wide Quality Systemmeetingthe intent
of ISO Q9001-1994226or ISO Q9002-1994asindicatedin thecontractandStatementof
Objectives.

2) (Par.5.5.2) The suppliershall provide for customerwitnessingofInitial Production
Validation lot. Thesevalidation pointsand methodsshall bedocumentedin thequality
planningdocuments.

3) (Par.5.5.3) Thesuppliershall providefor customerwitnessingof in-processinspections227
for productkey characteristicsthatarenot controlledby SPC. Appropriatesamplingmay
beusedanddefinedin theProgramControlPlan.

4) (Par.5.5.4) Thesuppliershall providea reportof Final Inspectionresultsanda
Certification228of FinalInspectionfor eachuniqueserialnumberor lot asindicatedin the
contractandProgramControlPlan.

5) (Par.5.5.5) Thesuppliershall providefor customerwitnessingoffinal product
inspection229and/oracceptancetestinganda Certification230of FinalAcceptancefor each
uniqueserialnumberor lot asindicatedin thecontractandProgramControl Plan.

6) (Par. 5.6) Thesuppliershall allow for final determinationby thecustomer,~”ortheir
representative,for “use as is” and“repair” dispositionsandfor any majornonconformances.

7) (Par.5.7.1) Suppliershall providefor Quality RecordsRetentionandcustomeraccess,for
theperiodof time232asstatedin internalcompanyproceduresorasmutuallyagreedand
definedin thecontractor Statementof Objectives.

8) (Par.5.8) The suppliershall establish,documentandmaintainaContinuousImprovement
Program~3that is applicablethroughouttheorganizationandincludesprocedures,
instructionsandreportingofproductor processvariability reductioneffortstogetherwith
monitoringofKeyCharacteristics.

9) (Par. 5.9) The suppliershall demonstratetheirCost-of-Quality234measurementsystem
including internalmanagementreportingandtrendanalysis.

225 ISO 10007:1995-04-15par. 7.6
226 ISO Q9001-1994Par.4.2.2 Quality SystemProcedures
227 ISO Q9001-1994 Par. 4.10.3 In-processinspections
228 ISO Q9001-1994 Par.4.10.4 Final Acceptanceinspection
229 ISO Q9001-1994 Par. 4.10.4 Final Acceptanceinspection
230 150Q9001-1994 Par. 4.10.4 Final Acceptanceinspection
231 ISO Q9001-1994 Par.4.13.2“... reportedfor concessionto thecustomer
232 ISO Q9001-1994Par.4.16 “Retentiontimes ... shallbe establishedandrecorded... for a agreedperiod.
233 150 Q9004-1 Par. 5.6 Quality Improvement
234 150Q9004-l-1994Par.6.2.2 a) Quality-costingapproach
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6. SOURCE SELECTION

1) (Par.6.1) Thesuppliershall describetheirinternalprocessfor managementof Source
SelectionPoliciesand/orProcedures235whichensurethat statedperformanceandreliability
requirementswill be satisfied.

2) (Par.6.4) Thesuppliershall describeand demonstratehow pastperformanceinformation
andperiodicevaluationsareusedin futuresourceselectiondecisionsandthemanagementof
theexistingsupplierbase.

7. PROCUREMENT DATA

1) (Par.7.1) Thesuppliershall establishandmaintainProcurementProcedures23’to ensure
internalreviewand approvalofprocurementdocuments,andthepropercommunicationof
contractualrequirements,productrequirements,andtechnicaldatato sub-tiersuppliers.

2) (Par.7.4) Suppliershall provideevidenceof periodic,independent,internalProcurement
Systemreviews237to ensurecompliancewith companypoliciesandprocedures.

8. CUSTOMER-OWNED PROPERTY MANAGEMENT

1) (Par.8.1) Thesuppliershalldescribetheirinternalprocessfor managementof customer-
owned property238which ensuresthat statedperformanceand reliability requirementswill be
satisfied.

2) (Par.8.3) Thesuppliershall:
a) ~~fy239the identify andconditionof customerpropertyuponreceipt.
b) providepropercare,maintenance,and storageof customerproperty.
c) ensurethat customerpropertyis not physicallycommingledwith otherproduct, either
customer-ownedor from othersources,andthatthe customerpropertyis not usedin
othercontracts.240
d) maintaina recordingandreportingsystemto trackcustomerpropertyto include receipt
at thesupplier,inventorytransactions(issues& receipts),scrap,loss, damage,
location andreturns
e) trackandreportcustomerpropertyin the possessionof subcontractor.

3) (Par8.4) The suppliershalldispose~of customer-ownedpropertyaccordingto customer
written instructionsat conclusionof thecontractorwhenno longerneeded,whicheveris
sooner.

235 ISO 900 1-1994 par. 4.6Purchasing
236 Ref. ISO 9001-1994Par. 4.0, 4.1.1, 4.2.2,4.2.3,4.6.2,4.6.3
237 1509001-1994Par.4.1.3 Managementreview
238 ISO 9001-1994par.4.7 Control of Customer-SuppliedProduct (procedures)
239 ISO 9001-1994par. 4.7 Control of Customer-SuppliedProduct (verification)
240

ISO 9001-1994Par.4.15.3Handling,Storage,Packaging,Preservation& Delivery,
150 9001-1994 Par.4.7 Control of CustomerSupplierProduct

241
FAR 52.245-2Reqmt(i) Final Accountinganddisposition...
FAR 45.6 Reporting,Redistribution,andDisposalof ContractoryInventory
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HANDLING, STORAGE, PACKAGING & DELIVERY9.

1) (Par.9.1) Thesuppliershall describeits internalHandling& Packagingprocedures242,
processes,standards,and teststo ensurethat productsarehandled,stored,preserved,
packaged,labeled,documentedandshippedin asufficientmannerto preventdamage,
deterioration,degradation,loss,or substitutionofthe productand to otherwiseprotectthe
Form, Fit or Functionoftheproduct.

2) (Par.9.2) Thesuppliershallpackagetheproductfor protectionafterfinal inspectionand
test,during delivery oftheproductto thecustomer,- and duringstorageatthecustomer’s
facility in conformanceto federalandstaterequirementsandto thecustomerrequirementsas
statedin thecontract.

3) (Par.9.3) Bar codingof theexternalpackagingis required.Bar codesymbologyshall beas
specifiedin thestatementofobjectivesorproductperformancespecifications2”.

4) (Par.9.4) As applicable,sensitiveelectronicdevicesshall be protectedfrom electro-static,
electro-magnetic,magneticandradioactiveforcesby properlysafeguardedwork stationsand
properlyoutfittedpersonnelduringfabrication,assembly,testprocessingor packaging,and
by theuseof electrostaticdischargeprotectivepackagingmaterialsduring storageand
shipment.245

10. MANUFACTURING PROCESS& CONTROLS

1) (Par. 10.1.1) Thesuppliershall describeits internalmanufacturingprocedures,processes,
standards,andtestswhich ensurethat statedperformanceandreliability requirementswill
be satisfied.

2) (Par.10.1.2) Thesuppliershall establishprocessreviewpoints,notify thecustomer,and
obtain approval246asrequiredprior to any processchangesthat affect theproduct’sform,
fit, functionor interfacerequirements.

3) (Par. 10.1.5) All processesaffectingaCritical orKey Characteristicshall requireaCpk
=1.33. Whentheseprocessesarelessthan 1.33, thesuppliershall submitaplanand
schedulefor attaininga Cpk =1 33247 Thesuppliermay alternatelychooseto perform 100%
in-processproductinspections.

4) (Par.10.2.1)ThesuppliershallprovideProcessControlsreportson an exceptionbasis,as
specifiedin thecontractor Statementof Objectives.

5) (Par.10.3) Thesuppliershallprovideoperationaland processcapabilitydemonstrationsto
thecustomerasspecifiedin thecontractor StatementofObjectives.

6) (Par.10.4.1) Variability ReductionInstructionsshall be includedin manufacturing
instructionsor otherprocesscontrol documentswhich emphasizethecontrol of Key

242 ISO 9001-1994 Par.4.15 Handling, Storage,Packaging,Preservation,andDelivery
243 specifiedISO 9001-1994 Par.4.15.4 “...conformanceto requirements.”
244

ISO 9001-1994Par.4.15.4 Packaging
MIL-STD-2073DoD StandardPracticefor Military PackagingPar.4.1.1;
MIL-STD-130 IdentificationMarkingof US Military Property(StandardPractice)

245 ISO 9001-1994Par.4.15.5 Preservation
246 ISO 9001-1994 Par.4.9(e) ... approvalof processandequipment,as appropriate...
247 QS-9000Ford SpecificRequirement,page68
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Characteristics.

11. PRODUCT SUPPORT (LOGISTICS) REQUIREMENTS

I) (Par.11.2) Thesuppliershall establish,documentandsubmitfor customerapproval,a
ProductSupportPlan248 to ensurecontinuityof supplyduring theproductlife-cycle or as
statedin thecontract.

2) (Par. 11.43e suppliershall prepareandsubmitto the customer,ProductFailureReports249
for failuresoccurringduringproductdevelopmentand/ortheproductwarrantyperiodas
specifiedin theStatementof Objectivesor Contract.

12. RELIABILITY REQUIREMENTS

1) (Par.12.8) Thesuppliershalldescribeits internalreliability procedures,processes,
standards,andtestswhich ensurethat statedreliability requirementswill be satisfied.

2) (Par.12.9) Thesuppliershall prepareand submitto thecustomerProductFailure
Reports250for failuresoccurringduringproductdevelopmentand/ortheproductwarranty
periodasspecifiedin theStatementof Objectivesor Contract.

248 ISO 9004-1-1994Par. 16.4.3, 16.4.4 PostproductionActivities
249 MIL-STD-2155 Failure Reporting
250 MIL-STD-2155FailureReporting
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Appendix B - Key Characteristics
1. Guidelinesfor Control of Key Characteristics

Thepurposeofthis Appendixis to provideameansof identifying,tracking,andcontrolling

productKey Characteristics.

• Definition: Key Characteristicsidentify measurableproductcharacteristicsor process
parametersthatinfluencetheform, fit, function,interface251orreliability of thefinal
productandrequirespecialattentionorcontrolsduringdesign,processing,
manufacturing,assemblyor testing.

Figure5. Key characteristicsevolutionandcontrolillustratestheevolutionofkey characteristics
thatareidentifiedby thecustomer,usuallyon thedrawings,asperformanceor interface
requirementsandsubsequentlyby thesupplierasprocessesesthat canmayaffect those

customerrequirements.

KeyCharacteristicsaredevelopedthroughaprocessofevaluatingthedesignandmanufacturing

processesandby gainingan understandingoftheneedsandrequirementsoftheCustomer,
referredto as“Voice oftheCustomer”252.While thecustomer’sexpectationis that all

251 Interfacecharacteristicscanbedescribedastheproductfeatureswherevariationsignificantly affectsForm, Fit,

orientation,locationwith tooling andmatingparts,or performancein Functionaltesting:

252 • productto higher level • productto tooling • productto testequipment. (C-17 Definition 4/96)Quality FunctionalDeployment,AmericanSupplierInstitute

Figure 5. Key characteristics evolution and control
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requirementsbe met (i.e.: reliability, maintainability,function,appearance,etc.),Key
characteristicswill havea directeffecton theproductsability to perform. Althoughthis section
is not identifiedasarequirement,it is referencedin severalsectionsand describesone methodfor
compliancewith therequirementfor controlof Keycharacteristics.

Key characteristicsarenot limited to specifieddesignrequirementsbutmayalsoapply to the
“Voice of theCustomer”objectives.Thedesign-relatedcharacteristicsaretypically designatedas

“Critical”, “Safety”, “C51” (Critical SafetyItem), “Significant”, or“INT” (Interface)depending
on thecustomerandarecontrolledby dimensionaltolerancingorperformanceoutput. Key
Characteristicsaretypically referredto in manufacturing253documentationand arecontrolledby

statisticalprocesscontrols.

Appropriate processcontrols must be establishedfor all Key characteristics.

Note: Processcontrolsarediscussedin ProductionProcessControls - Section10.

Critical Characteristic

Propertiesoftheproductorprocesswhich, if allowedto (go out of limit) exceedthespecified
tolerancesandwill resultin a failure oftheproductto performsafelyresulting in lossof life or

•,54

failure oftheendproduct’smissionperformance-

Significant Characteristic

Propertiesofthe productor processwhich, if allowedto exceedtheir limits, will resultin failure
ofthe item to functionorcauseit to functionerratically, intermittently,or generallyfails to meet
the customersperformanceexpectationsover thedesignlife andwhich preventsproduct

integration.

Customer-designatedKey characteristic

Customer-designatedKeycharacteristicsare establishedwhencritical form, fit, functionalor
interfacedesignrequirementsdictatethatspecialdesigncontrolsorattentionbe considered.

Thesecharacteristicsaregenerallyrelatedto higherlevel systemperformanceandintegration
requirements;whichthesuppliermaynot normallybe awareof. Theyareprovidedby the
customeraspartoftheproductperformancespecification,technicaldatapackage(drawings)or
Statementof Objectives.

253 AdvancedQuality Systemfor BoeingSuppliers© D1-9000- Key Characteristicspg.0-8
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QS-9000AppendixC: SpecialCharacteristics- Safety/ComplianceperGM; Critical CharacteristicperFord
Motor Co.
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Supplier-designatedKey Characteristic

Supplier-designatedKey characteristicsaredevelopedfrom reviewsandcomparisonofthe
supplier’smanufacturingprocesscapabilitiesandtechnicalexperiencesagainsttheneedsofthe

Customer,PerformanceSpecification,and StatementofObjectives.

Theprocessof identifyingsupplier-designatedKey characteristicsis generallyaccomplishedby
advancedQuality Planningteams(seeIntegratedProductTeams)usingsuchtechniquesas:
Quality FunctionalDeployment(QFD),DesignFailureModeEffectsAnalysis(DFMEA), and
Designfor Manufacturability,Assembly(DFM/A).

Critical Characteristic V <5> CSF55

SignificantCharacteristic S/C INT

ProcessCharacteristic Definedin Control Plan HAZ

Figure 2. Characteristic Symbols(Typical examples).

2. Identification of Key Characteristics

Key characteristicsshouldbe identifiedby a symbolon ProcessControlPlansgeneratedby the
supplier,andall item drawingsprovidedby thecustomer.Theseidentificationsymbolsare
definedandagreeduponby the customeror supplier. It is recommendedthatthesesymbolsbe
includedwherevera Key characteristicis addressedin thespecifications,drawings,controlplans,
FMEAs, workorders,etc.

255

MIL-STD-100 EngineeringDrawingPracticesPg. 500-6 “CSI” (Critical SafetyItem), “INr’ (Interface),or
“l-IAZ” (Hazardous)
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Appendix C - Internet References
1. Internet AccessReferences

This alphabeticallisting containssomeoftheInternetsitesthatwerereferencedduring draftingof
theseBusinessPracticesandothersthatwe thoughtmight be of interest.
Havefun!

AIRCRAFT INDUSTRIES ASSOCIATION OFAMERICA, INC. (AlA)
1250EyeSt., Washington,D.C. 20005-3922
(202) 371-8400
aia@millkem.com

American Institute of Aeronautics and Astronautics (AIAA)
http://wxvw.aiaa.org
Listing of Associations: http://www.aiaa.org/information/links/societies.html

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)
1430Broadway,New York, NY 10018,
Tele: (212)642-4900,FAX: (212)302-1286.
http://www.ansi.org

AUTOMOTIVE INDUSTRY ACTION GROUP (AIAG)
800-358-3003
http://www.aiag.org

BESTMANUFACTURING PRACTICES (BMP)
http://www.bmpcoe.org

BOARD OF MANUFACTURING AND ENGINEERING DESIGN

http://www2.nas.edu/bmaed1

DEFENSE SUPPLY CENTER COLUMBUS (DSCC)
HomePageat: http://www.dscc.dla.mil

DoD INDEX OF SPECIFICATIONS & STANDARDS (DODISS)
HomePageat: http://www.dtic.mil
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IEEE RELIABILITY SOCIETY

Institute ofElectricalandElectronicsEngineers(IEEE)
445 HoesLane,P.O. Box 1331, Piscataway,NJ08855-1331,

Tele: (800)678-IEEE,FAX: (908)981-9667.
http://www.enre.umd.edu/i3e/rs_hom.htm
Newsletter: http://www.enre.umd.edu/i3e/rsnl_hom.htm

MANUFACTURING TECHNOLOGY INFORMATION ANALYSIS CENTER (MTIAC)
DepartmentofDefense(DoD) InformationAnalysisCenter
DefenseTechnicalInformationCenter(DTIC)
LIT ResearchInstitute(IITRI).
http://mtiac.iitri.comi

NASA RELIABILITY AND MAINTAINABILITY STEERING COMMITFEE

NASA Centerfor AerospaceInformation,
800 ElkridgeLandingRd., Linthicum Heights,MD 21090-2934,
Tele: (301)621-0134,FAX: (301)621-0100.
http://www.hq.nasa.gov/office/codeq/rmhome23.htm

OFFICE OF SECRETARY OF DEFENSE

COMMERCIAL & NONDEVELOPMENTAL ITEMS HANDBOOK, 5/96
http://www.acq.osd.mil/es/std/ndii

OFFICE OF SECRETARY OF DEFENSE

DEFENSE ACQUISITION DESKBOOK
HomePageat: http://www.deskbook.osd.mil

Office of Secretaryof Defense
DefenseStandardization Program (Mu Spec Reform)
HomePageat: http://www.acq.osd.mil/es/std/stdhome.html

OFFICE OFSECRETARY OF DEFENSE

UNDER SECRETARY OF DEFENSE FOR ACQUISITION AND TECHNOLOGY - OSD
HomePageat: http://www.acq.osd.mil

RELIABILITY ANALYSIS CENTER, - RAC
201 Mill St, Rome,NY 13440-6916
Tele: (315)339-7089DavidNicholls
http://rome.iitri.com/raci

ROME LABORATORY/ERSR
525 BrooksRd., Griffis AFB, NY 13441-4505
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http://rome.iitri.com/rac/

SOCIETY OFAUTOMOTIVE ENGINEERS - SAE
400 CommonwealthDrive, Warrendale,PA 15096-0001,
Tele: (412)776-4970,FAX: (412)776-5760.
HomePageat: http://www.sae.org

SOCIETY OF LOGISTICS ENGINEERS - SOLE
HomePageat: http://www.telebyte.com/sole/sole.html

SOClETY OF RELIABILITY ENGINEERS - SRE
Home Pageat: http://wwxv.enre.umd.edu/sre/sre_home.html
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Appendix D - Acronyms

1. BP MANUAL ACRONYMS

ACRONYM DEFINITION
ABCR As-Built Configuration Report
AEN Automotive Electronics North America
AlA Aerospace Industry Association
AIAG Automotive Industry Action Group
ANSI American National StandardsInstitute
APQP Advanced Product Quality Planning - AIAG
AQO Advanced Quality Concepts
ASQC American Society for Quality Control
ATA Air Trans art Association
BOM Bill of Material
C-of-C Certification of Conformance or Compliance (Warrant)
CAD Computer-aided Design
CAE Computer-aided Engineering
CALS Computer Aided Logistics Support
CCB Configuration Control Board
CDR Critical Design Review
CFP Customer Furnished Property
CI Configuration Item
CID Commercial Item Description
CLS Contractor Logistics Support
CM Configuration Management
COTS Commercial-Off-The-Shelf
Cp Process Capability Index
CPI Continuous Process Improvement
Cpk Process Capability Index - Actual
CSA Configuration Status Accounting
DCN Design Change Notice
DFM/A Design for Manufacturability/Assembly
DFMEA Desi n Failure Mode and Effects Anal sis
DMS Diminishing Manufacturing Source
DoD Department of Defense
DOE Design of Experiments
DPAS Defense Priority and Allocation System
DRBL Design Release Base Line
DTC Design to Cost
DV Desi n Verification
ECN Engineering Change Notice
ECO Engineering Change Order
EIA Electronics Industry Association
EO Engineering Order
ESD Electro Static Device
ESS Environmental Stress Screening
FAR Federal Acquisition Regulations
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FCA Functional Configuration Audit
FEA Finite Element Analysis
FFFI (F3I) Form, Fit, Function, Interface
FMEA Failure Mode and Effects Analysis
FMECA Failure Modes, Effects and Criticality Analysis
FOB Free On Board
FTA Fault Tree Analysis
GD&T Geometric Dimensioning & Tolerancing
GFP Government Furnished Property
GIDEP Government and Industry Data Exchange Program
HPGL Hewlett Packard Gra hic Lan ua e
IEEE Institute of Electrical and Electronic Engineers
IGES International Graphic Exchange Specification
IPC Institute of Printed Circuits
IPDT Integrated Product Development Team
IPPD Integrated Product/Process Development
IPT Integrated Product Team
ISO International Or anization for Standardization
JACG Joint Aeronautical Commanders Group
KC Key Characteristics
LCC Life Cycle Cost
M&P Materials and Processes
MDAP Major Defense Acquisition Program
MPCAG Milita Parts Control Adviso Grou DoD or anization
MPCL Military Products from Commercial Lines
MRA Material Review Authority
MRB Material Review Board
MRPII Manufacturing Resource Planning
MRR Manufacturing Readiness Review
MTBF Mean Time Between Failure
NGS Non-Government Standard
NPMA National Property Management Association
OEM Original Equipment Manufacturer
OSD Office of Secretary of Defense
PCA Physical Configuration Audit (see PCV)
PCP Program Control Plan
PCV Physical Configuration Verification
PDM Product Data Management
PDR Preliminary Design Review
PFMEA Process Failure Mode and Effects Analysis
PM Program Manager
PN Part Number
P0 Purchase Order
PPAP Production Part Approval Process (automotive)
PPM Parts Per Million
PPSL Preferred Parts Selection List
PR Purchase Requisition
PRR Production Readiness Review
PV Production Validation
QFD Qualit Functional De 10 ment
R&R Repeatability & Reproducibility (Gage)
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SOLE Societ of Lo istics En ineers
500 Statement of Objectives
SOW Statement of Work
SPc Statistical Process control
SRE Society of Reliability Engineers
SRR System Requirements Review
TDP Technical Data Packa e
TQM Total Quality Management
TRR Test Readiness Review
VE Value Engineering
VHDL VHSIC Hardware Descriptive Language
VHSIC Very High Speed Integrated Circuit
VRI Variabilit Reduction Instruction
VRP Variability Reduction Program
WBS Work Breakdown Structure

199


